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Preparation for Practice of Profession of Economic Geology .............. 438 
INTRODUCTION. 


THE retiring Presidents of this Society have usually chosen to present, as 
their Presidential addresses, scientific results of their personal studies. For 
many years it has been my privilege to study the geology of ore deposits in 
the inter-mountain region—the cross roads of western geology and western 
ore deposits. On this occasion I am therefore strongly inclined to present 
selected conclusions “On the Occurrence and Origin of Certain Ore Deposits 
of the Inter-mountain Region,” some of which for commercial reasons have 
not been made public. Conditions prevailing in the mining industry at the 
present critical period however are raising such vital questions involving the 
future of economic geology and thus the personal interests of each of our 


1 Presidential Address presented before the Society of Economic Geologists, New York 
Meeting, February 20, 1945. 
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members, that I have been urged to take this opportunity to consider them. 
It thus seems fitting to consider at this time some of the essential factors in 
the development of economic geology, particularly with regard to the future 
of our profession. As it is impracticable in the time available to cover the 
development of each of the branches of economic geology, this consideration 
deals with and illustrations are drawn chiefly from a single field, that of 
metalliferous mineral deposits. é 


HISTORY. 


_ Early Beginnings. Recognition of the actual point of origin of a science 

or profession obviously is impossible. Human practices spring from un- 
noted beginnings and grow by gradual imperceptible development. In earli- 
est dim antiquity in the use of clays and stone by pre-historic peoples, and 
later in earliest historic time, in the search for gem stones, there entered 
nothing of geology. With growing demand for gems and precious metals, 
consideration of their occurrence increased. Even in the intellectual exer- 
cises of the early Greek philosophers, as to the origin of the earth, condition 
of its interior, and formation of metals, only the faintest glimmering of our 
awakening science appeared. After a long lapse, in the middle sixteen and 
seventeen hundreds, growing interest of the Germans and Swedes in metals 
led to more concrete conceptions as to the origin of ore deposits. 

Thus, in the middle of the eighteenth century, Hutton advocated magmatic 
origin of igneous rocks and mineral deposits, while Werner at Freiberg posi- 
tively insisted that mineral veins were formed by waters percolating down- 
ward from the ocean. Accumulating evidence increased active discussions 
as to source of ores and transporting agents. 

During the latter half of the last century, 1847-1900, one group including 
Elie de Beaumont, Von Cotta, Stelzner, Vogt, Posepny, and de Launay, 
greatly strengthened their claims, that metallic deposits were derived from 
deep seated eruptive rocks and were transported upward by ascending gases 
and hot waters. Another group, including Delius, Gerhard, Lassius, Bischof, 
and Sandberger, still contended that ore deposits were derived from wall rock 
by percolating meteoric waters which, descending, became heated at depth, 
and on rising deposited their mineral contents.? Finally in the late nineties 
discussion between the advocates of these opposing schools, the ascensionists 
and descensionists, waxed warmer and warmer as the ascensionists gradually 
but steadily gained ground. 

In this country Samuel Franklin Emmons, returning from studies in Ger- 
many, thoroughly imbued with Sandberger’s lateral secretion ideas, inter- 
preted the Leadville and other western deposits as indicating deposition by 
lateral secretion. Also, Van Hise, in 1901, stoutly maintained that surface 
waters descended to depth, became heated, dissolved metals from enclosing 
rocks, and rising deposited their metallic contents. At this same time, Lind- 
gren, Kemp and others were building a strong case for magmatic origin and 
ascending hot waters. With a view to clearing up mooted issues, harmonizing 


2 Bateman, Alan M.: Economic Mineral Deposits, John Wiley & Sons, Inc., New York, 
1942, pp. 11-15. 
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their views and securing agreement, one spring, when these leading advocates 
were due in Washington, the writer arranged a discussion of these issues 
before the Geological Society of Washington. The magmatic-ascensionist 
views were presented by Kemp and the meteoric waters-lateral secretion views 
were presented by Van Hise, with Lindgren and Weed seconding the 
magmatic views, and Emmons seconding the lateral secretion views. Instead 
of resolving their differences and attaining agreement however, each advocate 
seemed more convinced of the soundness of his views, the debate waxed hotter 
and hotter, until the situation became dramatically tense, and only through 
pacifying diplomacy of T. A. Rickard was scientific calm and peace restored. 

Modern Developments. This beginning of modern economic geology, in 
the late nineties and early nineteen hundreds, was marked by such significant 
advances as the general recognition of the major role of intrusive magmas 
in ore deposition, the rapid expansion of geological studies of ore deposits, 
and the awakening to the practical value of such studies in the conduct of 
mining operations. 

About the beginning of this century, advocates of lateral secretion were 
still investigating the enclosing country rock as a primary source of metallic 
deposits. Upon the organization of the U. S. Geological Survey, Clarence 
King commissioned Emmons to study the systems of representing topography 
employed by the various national surveys, who recommended the contour 
method and started his survey of the Leadville district. Following his geo- 
logical work in connection with the Fortieth Parallel Survey his viewpoint 
was essentially geological, and in his Leadville and subsequent works he called 
special attention to the character and geological structure of the country rock. 
Contributions that strongly influenced the utilizing of geology were made by 
Emmons in ’82 on Leadville, by Irving in ’83 on Copper Bearing Rocks of 
Lake Superior Region, by Irving and Van Hise in ’90 on the Penokee Iron 
Bearing Series, by Penrose in ’96 on Cripple Creek, by Lindgren in 96 on 
Gold Quartz Veins of Nevada City and Grass Valley and by others. 

Up to less than fifty years ago, however, geological work in connection 
with mining operations, was generally regarded as mining engineering. Mine 
operators and mining engineers spoke disparagingly of geology, referred to 
visionary theories of professors of geology and cited their impractical recom- 
mendations. Thus, on my arrival in Salt Lake in the summer of 1901 to 
undertake the Bingham Survey, a keen-witted mining engineer recounted to 
me that, the night before, he had kept the mining members of the Salt Lake 
Chamber of Commerce in laughter for two hours, by his jibes at portions of 
a recently issued Government report on a mineral district; and he urged me 
“whatever you do use plain English.” Under U. S. Geological Survey rating, 
no distinction was drawn as to title and pay between areal geological work 
involving safe, healthful, surface geological mapping and underground work 
calling for broader geological foundation, greater danger and unhealthy con- 
ditions. It was therefore suggested to Mr. Emmons, by the writer, that he 
point out to Director Walcott these marked inequalities and the propriety of 
recognizing those engaged in economic geology, especially those working 
underground in mines, as in a distinct classification, carrying the title of 
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“Mining Geologist” and higher pay. Although this recommendation to the 
Director for establishment of this new rank was not officially adopted, the 
designation seems to have filled a real need, as the title “Mining Geologist” 
now appears to have won general acceptance. 

Following the pioneering studies of Irving, Emmons, Van Hise, Lindgren, 
Penrose, Kemp and Smyth, previously mentioned, the geological study of 
mineral deposits underwent marked expansion. Monographic geologic stud- 
ies and publications covering the iron and copper deposits in the Great Lake 
region and certain gold and copper deposits of the West, were carried out. 
Then, the U. S. Geological Survey undertook detailed surveys, of the geology 
of the ore deposits of the more active mining districts of the West, and pub- 
lished the results in a new series known as “Professional Papers.” In the 
Government surveys, Emmons, as Chief of the U. S. Geological Survey Di- 
vision of Metalliferous Deposits, held that their primary purpose was to de- 
termine the essential facts regarding the occurrence of mineral deposits, and 
to establish the scientific principles governing the origin of the ores. Thus, 
he maintained that, while these findings were available for the use of private 
engineers and operators, it was not the function of the Federal Geologists to 
make recommendations as to prospecting and development, nor to go on 
record on controversial matters such as apex issues. His purpose was to 
avoid the invading of the field of private mining geologists, and to protect 
Federal Geologists from becoming involved in possible mining litigation. In 
recent years, however, those restrictions have been modified, so that the 
Federal Geologists, specially qualified by their broad knowledge of entire 
districts, may give their judgment as to the most promising ground for 
exploration. 

During this period the growing use of scientific aids, such as the petro- 
graphic and chemical study of rocks, physical chemistry, examination of 
polished ores in reflected light, experimental reproduction of conditions of 
high temperature and pressure, and improved technique in laboratory and 
field, were yielding significant contributions to our knowledge of mineral 
deposits. The scientific information that economic geologists were thus gain- 
ing served to make mine operators respect geology and to gradually convince 
them that the application of sound geology could yield practical results. 

In the early days, mining company geology was generally under the direc- 
tion of the chief engineer, as a minor part of the engineering services. Grad- 
ually, mine geological work was recognized to be so vital and important, that 
separate geological departments were established, which continued to demon- 
strate their practical value and were later expanded to include sampling, and 
eventually the estimating of ore reserve. 

Thus, in 1900, the Anaconda Copper Mining Company organized a 
geological department * at Butte comprising Horace D. Winchell, Chief 


8 The accounts of these pioneer mining-company geological departments, are based on 
information furnished by responsible officials of these departments, as follows: Anaconda 
Copper Mining Company, Reno H. Sales; Oliver Iron Company, LeRoy Salsich; Cleveland 
Cliffs Iron Company, Lucien Eaton; Pickan’s, Mather & Company, Stephen Royce; M. A. 
Hanna Company, M. C. Lake; Calumet and Hecla Consolijated Copper Company, T. M. 
Broderick; Phelps Dodge Corporat‘on, Greene Cananea Copper Company, an] Cerro de Pasco 
Copper Corporation, John M. Boutwell. 
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ae Geologist, an assistant Geologist and a Draftsman, and, late in 1901, added 
maid Reno H. Sales as a member of the department. Systematic mapping of 

sist” underground geology for guidance in developing and mining operations, and 

: also in mining litigation was carried on. D. W. Brunton, consulting mining 

ao engineer for Amalgamated Cooper, cooperated enthusiastically in this pioneer 

y of undertaking. In 1906, Sales became Chief Geologist and has served in that 

ad. and other capacities to date. Demonstration of the practical value of geo- 

ae logical mapping in following veins, by solving the faulting system, led to 
fade. reorganization, in 1910, of a consolidated Geological-Engineering department, 
logy including geology, erlgineering and sampling. All exploration and develop- 

pub- ment work became the responsibility of the geological department. By 1928 

F diae this consolidated department comprised fifteen geologists, forty-four engi- 

, Di- neers, sixty-seven samplers and eleven draftsmen. 

ee In the iron country around the Great Lakes, the geological work of the 

hall Oliver Iron Company developed from the early exploration and geological 

thus, work carried on under the engineering departments of the respective iron 

‘ac companies which were consolidated to form the Oliver Company, notably the 

ba ey Milwaukee, Lake Superior and Minnesota Iron Companies. Thus, the early 

“gett geological work of the Milwaukee Company and all geological and exploration 

hip work of the Oliver Company prior to 1901 was under the direction of Nelson 

Tid P. Hulst. The early exploration work of the Lake Superior Company was 

Nila in charge of John Uno Sebenius. The early geological work of the Minnesota 

yr Company was largely carried on by W. M. Merriam, and from 1898 to, 1901 

tae he was Chief Geologist for that company. 1 

1 for In 1901, upon the consolidation of these companies to form the Oliver Iron 

Mining Company, as a subsidiary of the United States Steel Corporation, W. 

Leer M. Merriam organized the company’s geological work, and served as Chief 

sia Geologist until his death in 1916. Then, the duties of Chief Geologist were 

Hap handled successively by W. W. J. Croze until 1921, then by Charles J. Miller 

| hed until 1938, when R. H. B. Jones took charge of the geological department 

rane and he “is at present carrying on the geological work with a force of six regu- 
gain- lar subordinates and incidental engineering help.” The work of the Oliver 
ch geological department comprises “studies and investigations of iron, man- 


ganese, chromium, and other raw materials, throughout the world, used by the 
steel corporation subsidiaries.” 


— The Cleveland Cliffs Iron Company handled its early geological work from 
1899 to 1927 under the direction of Henry L. Smyth as Consulting Geologist. 
t, that Duri 
uring the early years the geology was handled under the engineering depart- 
spon" ment with J. E. Joplin Chief Engineer. Early in 1905 it was done by three 
ite geologists under Lucien Eaton as assistant chief engineer. Later, in 1905, a 
d separate geological department was established by Professor Smyth with Ed. 
. r E. White as the first Chief Geologist. Since the early twenties E. L. Derby 
Chie has served as Chief Geologist. Smyth, directing much of the work of the 
ased on geological department to detailed study of drill cores, succeeded in solving 
asa the complex geology, and as a result “vastly increased the ore reserves.” 
M.A. In 1907 the Greene Cananea Copper Company at Cananea Sonora, Mexico, 
T. M. 


in connection with a geological survey of its mining properties in the Cananea 
e Pasco 
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district, in charge of the writer assisted by L. C. Graton and W. H. Emmons, 
authorized the organization of its geological department. - 

In 1908 the Phelps Dodge Corporation arranged for a detailed geologic 
survey of its Copper Queen property in the Bisbee district by the writer 
assisted by Arthur Notman, Eugene Sawyer and William Hague. Following 
the conclusion of that original survey, from 1910-1915, this work, in charge 
of the writer, was extended to the other operations of the corporation in the 
major south-western mining districts, to cover one additional operation each 
year, as follows: the Moctezuma Copper operation at Nacozari, with assist- 
ance of McHenry Mosier; the Old Dominion operation at Globe, Arizona, 
with assistance of Guy N. Bjorge and Cleveland Dodge; and the Detroit 
Copper operation at Morenci, Arizona, with assistance of Cleveland E. Dodge, 
Frank Pelton and F. H. Hayes. In connection with making this series of 
detailed geologic surveys and with carrying out the prospects recommended, 
a permanent geological department was organized in each of these four dis- 
tricts; and a group, comprising the chief geologist and assistant geologist of 
each of these departments, held semi-annual conferences, for a week, at these 
respective operations, for joint field study and discussion of common prob- 
lems and specially prepared papers. 

The geological work of Pickands, Mather and Company was inaugurated, 
about 1908, by C. K. Leith as Consulting Geologist, and remained under his 
general direction until relinquished, about 1943, to allow him to direct the 
War Mineral service of the War Production Board. The company’s geologic 
work in the Gogebic Range was taken over in 1912 by Stephen Royce, then 
Chief Engineer of that district. In 1907 his duties were extended to assisting 
Leith in all the Lake Superior Ranges and in all general examination work. 
‘The detailed geological mapping then inaugurated has been extended until it 
now covers the six Lake Superior iton ranges. Geophysical methods includ- 
ing electrical, gravity and magnetic have been thoroughly investigated, and 
the last named method extensively utilized. The company’s geological force, 
varying according to requirements, usually comprises one to three field parties, 
with one or two additional underground geologists in direct liaison with the 
engineering departments of the different ranges. 

The geological work of the M. A. Hanna Company was permanently 
organized in 1915 in charge of M. C. Lake as Chief Geologist. His assistants 
have included Frank Pardee, Emil Kronquist, Earl Nixon, and A. E. Walker. 
In 1938 M. C. Lake became Consulting Geologist, and A. E. Walker suc- 
ceeded him as Chief Geologist and has continued in that capacity. The 
services of this geological department have been utilized in a wide variety of 
undertakings including examining mineral ground, exploring iron, copper, 
manganese, gold, coal and miscellaneous deposits, and cooperating closely with 
the operating departments in development and mining operations. 

In 1916-1919, systematic detailed topographic, geologic and economic 
surveys of the mining properties of the Cerro de Pasco Copper Corporation 
in Peru, particularly those in the Cerro de Pasco and Morococha mining dis- 
tricts, were carried out by the writer assisted by M. G. Uglow, Charles 
Farnham, M. G. Edwards, W. F. Walker and D. H. McLaughlin. Since the 
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conclusion of those original pioneer surveys, geological departments have con- 
tinued in operation at those properties, with D. H. McLaughlin, Vice Presi- 
dent, L. C. Graton, Consulting Geologist and Director, and W. F. Walker, 
Chief Geologist. 

In the Michigan Copper country, company geological work was first un- 
dertaken by the Calumet and Hecla Consolidated Copper Company in 1912, 
by C. D. Hohl, and was carried on to a limited extent. In 1919-1923, a 
comprehensive study of the geology of the ore deposits of that company’s 
properties was made under the direction of L. C. Graton by B. S. Butler, 
Charles Palache, T. M. Broderick and others. Upon the conclusion of that 
survey the present geological department was established under T. M. 
Broderick as Chief Geologist, who has continued to fill that post to date. 

These pioneer geological departments have afforded such valuable results 
that one company after another has sought the advantages of using geology 
in mining operations, not only on metallic mineral deposits but also on non- 
metallic deposits, notably petroleum, as well. In recent years the applica- 
tions of geology have spread from mining to various industries, until, today, 
industry is utilizing geology for innumerable purposes. The signal service 
rendered by mining engineers and mining geologists in World War I, and 
particularly now in World War II, has still further advanced the prestige of 
our profession. During the present war, economic geology has not only been 
responsible for finding, developing and maintaining enormous tonnages of 
urgently required war minerals, but has contributed to such problems as pro- 
viding adequate water supply in desert warfare in North Africa, mapping 
large areas of combat ground by photographic methods, supplying essential 
geological information on location of air fields, and study and preparation of 
data on mineral resources for use in peace-treaty negotiations. 

The extension in the uses of applied geology, naturally, has led to the de- 
velopment of various branches. For the general field of applied geology, by 
common practice we use the term economic geology. This term is also used 
for the narrower particular field of geology applied to mineral deposits. 
Under economic geology, various special branches are now recognized, such 
as mining geology—the application of geology for mining operations ; litiga- 
tion geology—the application of geology to solving various legal issues relat- 
ing to the ownership, extraction and transportation of minerals; petroleum 
geology—the utilization of such special branches of geology as sedimentation, 
stratigraphy and structural geology in the solution of petroleum problems; 
water geology—embracing application of geology to problems involving water 
resources ; soil geology—relating to the origin, distribution and maintenance 
of soils; engineering geology—the application of geology to the problems of 
engineering, particularly those relating to foundations; military geology—the 
utilization of geology for the solution of problems involved in military opera- 
tions, such as topography, terranes, excavations, water supply, construction 
materials, surface and soil conditions, landing beach conditions, construction 
of positions, including location of air fields, hygienic conditions of drainage, 
together with many special problems. In short, economic geology, during the 
last forty years, by utilizing the best science and technique in the working of 
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many kinds of deposits to accomplish invaluable practical results, and by 
solving a great variety of general problems, has advanced from being a sub- 
ject of disparagement, to being recognized as indispensable in the varied opera- 
tions of the mineral and allied industries. 

Acknowledgments. Before taking up the consideration of preparation for 
the practice of economic geology, of demand for minerals, and of the outlook 
for the future of our profession, it should be stated that it is clearly realized 
that these subjects involve mooted issues on which each of you undoubtedly 
holds definite personal opinions, and on which some of you are exceptionally 
qualified to speak authoritatively. Nevertheless it seems desirable to discuss 
these matters freely, with a view to reaching accordant opinions, rather than 
to avoid reference to them. In order to have a well substantiated basis, for 
a correct picture of conditions, and for a sound statement of requirements, 
the advantages of seasoned experience and intimate knowledge, have been 
sought by requesting the opinions on those subjects of some of our wisest and 
most experienced educators and mine operators. For the generous coopera- 
tion of these friends I am happy to acknowledge my indebtedness. 


PREPARATION FOR PRACTICE OF THE PROFESSION OF ECONOMIC GEOLOGY. 


To insure its greatest service to industry, and thus to continue its present 
sound development, our profession must accept the responsibility for requir- 
ing and maintaining sound training. Those who have contributed to develop- 
ing the profession, and to gaining the hard earned confidence of industry, are 
naturally concerned that the profession shall continue to measure up to its 
enlarging responsibilities. All responsible for training those who are to 
follow us and to carry on our profession, cannot consider too carefully the 
essential requirements for the best preparation for the practice of economic 
geology. 

The profession of economic geology appeals to the highest type of man 
for it offers unexcelled opportunity for scientific and commercial investiga- 
tion, for active out-door life, for good financial returns and for high satis- 
faction in the service of mankind. We know that our work requires a healthy, 
rugged physical makeup, superior intellectual qualities and good moral char- 
acter. Consideration of those who have attained recognized success, as able 
economic geologists, reveals convincingly that they possess to a high degree 
those essential characteristics. 

As to the best preparation for work in economic geology, there are various 
views. Some emphasize the educational basis, others favor practical train- 
ing. Opinions expressed by some of our ablest economic geologists seem 
to incline toward the kind of preparation that they themselves followed. 
Thus, those whose experience has been chiefly along purely scientific lines, 
hold that pure science is the indispensable factor. On the other hand, those 
whose experience has been more in the hard school of actual doing consider 
the essential feature in sound preparation to be practice. One of our most 
esteemed associates, whose recognized success, in both pure science and in 
professional practice, qualifies him to pass sound judgment on this issue, has 
expressed himself as follows, “There is today a considerable tendency among 
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geologists of an academic type, whose lives have been spent in purely scien- 
tific investigation, and teaching, to assume that anything different from the 
field of their activities is in some manner nonscientific and therefore less 
worthy. Many economic geologists have been made to feel this criticism. 
For the good of geologic science, this tendency seems to the writer extremely 
unfortunate. A young man entering the field of economic geology should be 
made to understand that his is the highest scientific opportunity.” 4 

Let us consider the requisites in education and in technical training, for 
making a first-class economic geologist. The prime requisite in my belief, 
is the man himself, a first class man. The man is more important than the 
training. A first class man, with second class training, is to be preferred, 
to a second class man, with first class training ; and he may be depended upon 
to produce better results. 

For his education a broad general college course is essential. A strong 
foundation is required to support a high structure. The better a geologist is 
grounded the more he can accomplish. A broad educational foundation 
makes for broad constructive service, and thus contributes to a happy life. 
Specifically a desirably broad college course should comprise English, His- 
tory, Economics, Literature, Business Principles, Physics, Chemistry, Mathe- 
matics, Biology, General Engineering Principles, General Geology and Min- 


‘eralogy. “Intensive study of geology should in most cases not begin until 


late in the undergraduate course and preferably not until late in the graduate 
years.” * Consideration of the life work of economic geologists will reveal, 
I believe, that those who contribute most to our science, who accomplish the 
best professional results, and who render the finest service to humanity are, 
with rare exceptions, those equipped with a broad general educational founda- 
tion. 

For technical training, experience indicates as essential three years of in- 
tensive study in advanced scientific courses in geology and allied sciences, con- 
cluding with specialized study in a chosen field. These studies should include 
historical and physical geology, paleontology, sedimentation, stratigraphy ; 
structural and metamorphic geology, advanced mineralogy and petrography, 
geology of ore deposits, mining, chemistry and metallurgy. Through this 
specialized study the tools of the profession are to be acquired. One who has 
won leadership in his field states, “I prefer geologists equipped with the most 
thorough training possible in geology and sciences which underlie that sub- 
ject . . . a broad training in fundamental sciences is the best equipment for 
the economic geologist who is to succeed in the mineral industry.” Through 
these studies, both under-graduate and graduate, the thoughtful student wiil 
come to understand, that, as the late President Eliot expressed it, “The object 
of education is not the acquisition of facts but the development of power.” 

By way of apprenticeship, to try out these tools and this power, before 
stepping out on his own, invaluable benefit is to be gained by serving a year 
or two in actual doing. The particular course such trial shall take will be 
determined largely by the special branch of economic geology to be followed 


4 Leith, C. K.: Economic Aspects of Geology, New York, 1921, . 421. 
5 Leith, C. K.: Economic Aspects of Geology, New York, 1921, p. 423. 
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eventually. Some able men urge that after finishing technical graduate stud- 
ies, it is most desirable that the future economic geologist should get actual 
experience by going to work underground as a miner, and in ore treatment 
plants. The benefit of service with the U. S. Geological Survey is attested 
throughout their careers by those who have been privileged to enjoy it. 
Again able economic geologists have served their apprenticeship by acting as 
assistants to well trained experienced engineers, on private mine examinations 
or geologic surveys of economic possibilities. One of the most successful 
geologist-mine executives holds, “Many experienced geologists believe that, 
in the usual case, specialization need not be done in college and in fact can 
be better done on the job.” Another writes, “I do think a graduate geologist 
will have to serve under a geologist of mature field experience, for quite some 
time, to round him out as a competent geologist.” Thus, to try out and round 
out the educational and technical preparation for the actual practice of eco- 
nomic geology, apprenticeship, in doing on the job, under experienced super- 
vision, is most desirable. 

Further, as to the particular needs in the preparation for professional 
practice, the opinions of some of our most able and successful associates in 
the mineral industry, drawn from their personal experience as economic 
geologists and later as mine operators and executives, afford most helpful 
constructive testimony. Thus an outstanding economic geologist who has 
advanced to be General Manager of one of our greatest mining properties 
writes, “An economic geologist for mining should have a very thorough 
grounding in geology and related chemistry. In addition he should know 
something of mining operations and the economics of mining and be en- 
dowed with a liberal quantity of common sense. I have known geologists 
who had a very thorough education in the science of geology, but because 
of the fact that they lacked knowledge of mine operation, or the economics of 
mining, or perhaps plain common serise, would make recommendations that 
were quite unsound.” Another successful engineer now a General Manager 
writes, “I wish more of our geologists had a better knowledge of what is 
necessary to make an enterprise profitable, but I presume that faculty is 
inherent in the man, and cannot be gained by education.” An experienced 
economic geologist and able mine executive states, “It is clear to me that it 
is not possible to develop in colleges of any kind, anywhere, the economic 
geologist of professional stature. Professional stature, I believe, can be at- 
tained only through experience, self education and practice, supplementary 
to academic training.” Another well known mine executive writes, “In the 
last analysis what counts the most are objectivity and judgment. Usually 
these qualities are gained by working with men who possess them, which 
means older men who have been successful.” In the matter of specializa- 
tion, I recall the parting advice of a successful friend, as I was leaving Gov- 
ernment service and starting out in private practice. He reminded me that 
all one needs to succeed in this world is to know a little more, than anybody 
else, about some one thing. Similarly a leading American geological pro- 
fessor stated that “If you would succeed as a geologist try to know more of 
one segment of the science than anyone else.” 
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In brief, the evidence, afforded by successful experience, goes to show that 
the best preparation for a first class economic geologist should embrace a 
broad general college education, intensive graduate specialized study in ad- 
vanced geology and allied subjects, and apprenticeship in actually doing in 
association with experienced successful economic geologists. In event the 
full complete preparation outlined above cannot be carried through, owing 
to personal circumstances, such as finance or time, it is believed to be most 
desirable, that the preparation outlined, be followed as closely as practicable, 
and that any necessary curtailing be held to a minimum. 


MAINTENANCE OF STANDARDS. 


The first class man, thus thoroughly prepared, strikes out into his chosen 
life profession of economic geology, confident that all that is then required 
to win great rewards awaiting him is determination and industry. We are 
all aware however of unfortunate examples of men who, though well quali- 
fied in those essentials, nevertheless fail to achieve professional success. The 
explanation for such cases has been found too frequently in failure to main- 
tain high standards—standards of scientific work, standards of professional 
work, and standards of ethical practice. 

Correct scientific geology is the absolute prerequisite for sound economic 
service. Obviously, only by maintaining the scientific basis, can the results 
of geologic work be correct. Failure to keep abreast of the latest develop- 
ments in scientific geology inevitably leads to inability to reach sound scien- 
tific conclusions. Accordingly, maintenance of interest in scientific geology 
and of knowledge of its latest scientific findings is absolutely required to reach 
sound recommendations on economic geology. 

Similarly, in the technique employed in professional work, as in selection 
and use of instruments, in methods of getting and recording information and 
in study and correlation of data, it is essential to observe the best practice in 
order to obtain correct results. 

Again, we recognize that mental attitude plays a considerable part in 
observing proper standards. An attitude of seeking primarily to learn the 
truth, through securing complete facts and drawing correct conclusions, with 
perfectly open mind and unbiased judgment, uninfluenced by personal con- 
siderations or financial consequences, with persistence and determination, 
contributes essentially toward attaining true conclusions and sound recom- 
mendations. 

Even though an economic geologist be qualified in all these essentials, 
there still remains that prime requisite—perfect professional ethics. For an 
economic geologist the indispensable qualification is absolute integrity. The 
great financial rewards and quick returns anticipated in some mineral enter- 
prises naturally attract some laymen, outside our profession, who lack sound 
ethical standards. With a view to gaining their ends they may create situa- 
tions to tempt the economic geologist to strain a scientific point, or to give 
more favorable color to a recommendation of doubtful ethics, or on the border- 
line, or they may even intimate material inducements, carefully veiled, to 
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make desired recommendations. - For an economic geologist there can be no 
compromise with right—if a matter is not right it is wrong. Some geologists 
aiming to avoid all danger of becoming tainted with commercialism, or tempted 
by such hidden pitfalls, intentionally remain outside commercial economic 
geology. As one of our associates has well said, however, “The problem of 
ethics cannot be solved by staying out. The economic geologist is rather 
called upon to do his part, in raising the standard of ethics, in that part of 
the field in which he has influence.”* The recognized leaders of our pro- 
fession invariably observe utmost care, in all matters of ethics, and thus 
preserve their integrity absolutely unquestioned. 

Thus, in 1904, one hundred recognized mining engineers and mining 
geologists organized a national mining engineering society with the avowed 
purpose of “Encouragement of high professional ideals and ethics.” In 
pursuance of that objective that Society has taken measures to deal with cases 
of professional ethics both personal and organizational for the good of the 
profession. 

As a general means of aiding in maintaining high standards in science, in 
professional work, and in ethics, scientific and professional societies organized 
for proper objectives and conducted along proper lines can be admirably 
effective. Establishment of high standards of admission and maintenance of 
high objectives create a real incentive to meet those requirements and to 
gain desirable recognition as having qualified for membership. The prepara- 
tion of papers worthy to be accepted for presentation before such selected 
groups in one’s profession, and for publication, stimulates continuing scien- 
tific studies, and obtaining research results, that constitute true contributions 
to science and to professional practice. Training in preparation and delivery 
of papers presenting results of work, opportunity to thus keep in touch with 
current work and developments in one’s profession and allied professions, 
and social gathering with members of one’s profession for informal personal 
discussion of current problems, all together contribute toward accomplishing 
the worthy objects of such organizations. In short, active practice of these 
several measures affords our most effective means for maintaining essential 
high standards. 


DEMAND FOR MINERALS. 


The continued development and future demand for economic geology de- 
pend largely upon the demand for minerals. What then are the probabilities 
as to the future demand for minerals. 

The output of indispensable minerals has kept pace with rapidly expand- 
ing requirements of industry. Thus “metallic minerals have been produced 
in increasing amounts to meet the demands of the manufacturing, transporta- 
tion and communication industries. Coal, petroleum and natural gas have 
been required to meet the tremendous expansion in world consumption of 
power, light and heat.” * 

6 Leith, C. K.: Economic Aspects of Geology, New York, 1921, p. 431. 


7 Leith, C. K., Furness, J. W., and Lewis, Cleona: World Minerals and World Peace, 
Brookings Institute, Washington, D. C., 1943, p. 8. 
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From the period of low demand for minerals that prevailed preceding the 
great industrial revolution, a century ago, up to the present time, the trend 
of world demand and of world output of minerals has been upward. During 
the last sixty years 1880-1940 mineral production has experienced a rapidly 
accelerated increase, and the value of mineral production in the United States 
has increased fifteen times. During the present war, mineral production has 
reached an all time high. 

The conditions that precipitated the present world war are generally re- 
garded as inequality of distribution of necessary minerals. The “have-not” 
nations, Germany, Italy, and Japan, deliberately set out to obtain from the 
“have” nations, Great Britain, Russia and the United States, their resources of 
necessary minerals. In brief the United States possessed adequate supply of 
eleven major minerals and depended on foreign sources for fifteen major 
minerals. The British Empire possessed adequate supply of eighteen major 
minerals and lacked adequate supply of only eight. Russia possessed ade- 
quate supply of twelve major minerals and depended on foreign sources for 
fourteen. On the other hand Germany possessed adequate supply of only 
three major minerals, coal, magnesite and potash, and depended on foreign 
sources for twenty-four major minerals. Japan possessed adequate supply 
of only two major minerals, magnesite and sulphur, and lacked adequate 
supply of twenty-four minerals.§ 

In our own country, reserves as a whole are increasing, though in certain 
countries they have begun to fall off, and in the older industrial countries of 
Europe their depletion is farthest advanced. The utilization of secondary 
metals serves to retard depletion. The efficiency of many metals is increased 
by use of alloy processes; in the case of iron and steel the use of tungsten, 
molybdenum, chromium, manganese, vanadium and nickel effects marked 
saving in tonnage of iron required. Improved structural design as in head- 
frames for example has made for increased strength with decreased weight 
of iron. We are impressed by the great gains resulting through improved 
efficiency of steam engines, of power plants and improved processing as for 
example in refining oil. Again new minerals to meet special requirements, 
and substitutes for depleted old minerals, are steadily being discovered. The 
net result of these factors has been measurably to extend available reserves 
of raw material. Consequently estimates of life of mineral deposits have 
proved to be considerably too low, and prophecies of exhaustion of mineral 
reserves have failed to materialize. 

Although the depletion of our mineral resources is thus retarded through 
the operation of these several factors that tend to extend the life of raw ma- 
terials, this is at best only a delaying action. The enormous demands on our 
mineral reserves by present war need have not only largely wiped out these 
savings but have cut deeply into reserves, and seriously advanced exhaustion. 
After the war, when the records of the mineral output of our own and allied 
nations are all assembled and compiled, the enormous total for the war min- 
eral output will afford a measure of the great drain on our mineral resources. 


8 Leith, C. K., Furness, J. W., and Lewis, Cleona: World Minerals and World Peace, 
Brookings Institute, Washington, D. C., 1943, p. 45. 
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The immediate post-war mineral demand will doubtless be to restore our 
reserves to normal and for reconstruction of war-destroyed Europe. Then 
the general rising demand by expanding industry, for an increasing popula- 
tion, will take place. The total U. S. production in 1944 attained to great 
aggregates for copper of 972,004 short tons valued at $260,497,072; for lead 
410,015 short tons valued at $64,782,370, and for zinc of 715,806 short ‘tons 
valued at $160,340,544.° Nevertheless the ratio of monthly consumption to 
production of copper was 135,000 to 71,000 tons, of lead 91,000 to 31,000 tons 
and of zinc 71,000 tons to 54,000 tons. In other words, the consumption de- 
mand greatly exceeded the production, and necessitated large imports to 
make up the production deficiency. The latest U. S. Census Bureau estimates 
anticipate an increase in U. S. population in the thirty years ending 1970 
amounting to twenty per cent, which is expected to call for an increase in steel 
consumption of fifteen to twenty per cent and for corresponding increases in 
consumption of other metals. These brief general references to the increased 
mineral requirements for industry, for sources of supply to offset depletion of 
basic reserves, for new materials for new uses and for growing technical needs, 
are broadly indicative of the rapidly expanding demand for minerals. 


FUTURE FOR ECONOMIC GEOLOGY. 


At this time the most critical period in human history, it behooves us, as 
forward looking professional men, to weigh the major factors in the situation, 
and to endeavor to judge the probabilities, for our profession in the future. 
National and international conditions are in a state of flux. Upon the way 
these conditions are settled will depend in large measure the future for in- 
dustry and thus for economic geology. Great natural forces make for en- 
larged national and international opportunities for the mineral industry. 
Other powerful influences tend to retard and to restrict that natural ex- 
pansion. What will be the outcome? 

With regard to the probabilities in the United States, the brief review of 
the demand for minerals indicates a great and expanding demand. The 
natural depletion of known mineral resources has been greatly accelerated 
through extraordinary war requirements. We are all aware of serious in- 
roads caused by response to urgent war needs on the reserves of certain great 
American mining properties. Further the war needs have brought home to 
us that our country is dependent on foreign sources for tin, “long-fibre as- 
bestos, dielectric mica, manganese, nickel, cobalt, chromium, diamonds and 
quartz crystals.” ?° Under these conditions of increasing scarcity and thus 
reduced chances to develop new deposits of.major minerals, to find adequate 
deposits of these special minerals to make our nation self sufficient would 
require a considerable number of well trained economic geologists. 

The real value of economic geology, demonstrated in recent years and so 
practically substantiated by the contribution of geology to the war mineral 


® Mineral Industry Surveys, U. S. Department of Interior, Bureau of Mines, Washington, 
D. C., 1944-1945. 

10 Leith, C. K., Furness, J. W., and Lewis, Cleona: World Minerals and World Peace, 
Brookings Institute, Washington, D. C., 1943, p. 46. 
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‘service, has stimulated the awakening of industry to the greatly expanding 
uses of economic geology. Thus industry is coming more and more to de- 
pend upon economic geology to maintain present mineral resources, to find 
needed new minerals, and to meet the steadily growing requirements for new - 
raw materials. Under an American system of free enterprise, operating on 
a sound Federal financial basis, all these important opportunities for sound 
geological service, might reasonably be expected to create a strong future 
demand for economic geology. 

On the other hand some of the ablest leaders of industry in this country, 
are becoming seriously concerned over the trend of Governmental policies 
regarding natural resources, labor-capital relations, and finances, particularly 
taxes. They fear the outcome, if the natural development of American in- 


‘dustry is interrupted, restricted and dominated by Federal policies which they 
‘consider unnatural, unsound, and un-American. Thus an able mining execu- 


‘tive states, “The experience which the Government has had in this work 
(“The discovery, development, and acquisition of the so called strategic 
‘minerals”) has seemed to lend impetus to what appears to be its long range 
purpose of taking more of a hand in the control, if not ownership and man- 
‘agement, of the mineral industry in this country.” An able mine executive 
who has enjoyed special opportunity to become personally informed on Fed- 
eral policies states, “It cannot be doubted that the . . . wishes to greatly 
widen its grasp on the mineral resources of the United States. . . . It can 
be confidently expected that they . . . will seek to continuously increase their 
operations and try to wrest the future development and exploration of hitherto 
undeveloped mineral resources from the hands of private capital. As far as 
possible, they will tend to establish a system where the Government will find 
and initially develop mineral deposits, and lease them to private corporations 
under conditions which will permit a moderate return on the capital em- 
ployed.” Again an able mining geologist, now manager of one of our greatest 
mining properties, writes, “there is of course a war-time tendency toward 
greatly expanding the work in this field by governmental bureaus. While I 
have always had a high regard for the work of the United States Geological 
Survey and think that the kind of work that it has done in the past should be 
continued, I am in general opposed to the expansion of the work of Federal 
bureaus.” 

As to the outcome of this present governmental tendency none can now 
foresee. As to the Survey part, it is generally recognized that in the past the 
United States Geological Survey with superior personnel, high scientific 
standards and correct ethics, has rendered immeasurable service to the min- 
eral industry, and, thereby, has won its high respect and real gratitude. We 
may confidently trust the present responsible executive leadership of the 
Survey to continue that excellent service in the future and so far as lies within 
their power, to avoid being a party to any governmental encroachment on the 
legal rights of private mining interests. 

As to the influence of these conditions on economic geology, however, an 
experienced mine executive holds that “To the extent that this effort (to ob- 
tain governmental control) is successful it will result in a larger employment 
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of geologists by the Federal Government and a smaller participation by State 
surveys and privately employed geologists.” Another mine executive states, 
“A continuation of this war-born mineral policy will create many more jobs 
for economic geologists in public service, and correspondingly may tend to 
curtail their opportunities for other employment.” Similarly two of our 
leading economic geologists believe present conditions are making for the 
principal future field for economic geology to be in Government service, with 
Federal Mining and Geological Bureaus and regulatory bodies, and on ex- 
ploration staffs of private mining corporations. Thus they regard the oppor- 
tunities for the private consulting economic geologist as becoming more and 
more strictly limited and their day to be gradually passing. 

Between these two possible extremes of industrial conditions, one with 
industry operating under a system of free enterprise, the other with industry 
operating under governmental domination, broadly viewed, it would seem 
probable that conditions will settle down into an intermediate state; a state 
that will be determined by the dominating American influence, probably in- 
dustry, with labor sharing in a strong second place, and their combined co- 
operative activity regulated but not controlled by Government. For industry 
in the United States must naturally advance and along with it economic 
geology will naturally enjoy reasonably enlarged opportunities. 

Thus, one of our wisest mining executives replies, “If one has faith in the 
continuation of the industrial trend, he must conclude that the economic 
geologist will continue to play an important role in human affairs; that to the 
extent the economic geologist has made a go of it since 1900, men of like 
attainments should be able to do not less in the future.” Again, it is the con- 
sidered judgment, of one whom many regard as our leading mine executive, 
given in response to my inquiry, that, ““The post war opportunities for profita- 
ble occupation of the well equipped economic geologist will be at least as 
favorable as in the past, and with the increasing exhaustion of mineral re- 
sources, his services to the mineral industries will become more wholly in- 
dispensable.” 

With regard to the international mineral situation, nations are awakening 
to the controlling importance of minerals, to the unequal world distribution of 
minerals and to the necessity of being nationally mineral self sufficient. “The 
British Empire is deficient in potash, sulphur, mercury, antimony, molyb- 
denum, quartz crystal and petroleum.” Russia lacks or is deficient in “nickel, 
tungsten, vanadium, titanium, antimony, tin, mercury, sulphur, certain grades 
of mica and lead.” Germany is short or almost entirely lacking in “copper, 
nickel, sulphur, tungsten, titanium, tin, manganese, chronium, lead, mica, 
graphite, industrial diamonds, quartz crystal and bauxite.” ** China is most 
deficient in petroleum and potential water power. These needs of industry 
and these specific mineral needs afford some measure of the world wide oppor- 
tunities that challenge economic geology. 

Impressed anew by the serious consequences that result from the de- 
ficiencies in essential minerals, the nations will move promptly toward making 


11 Leith, C. K , Furness, J. W., and Lewis, Cleona: World Minerals and World Peace, 
Brookings Institute, Washington, D. C., 1943, pp. 46-48. 
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up these deficiencies. Further the United States, in abandoning isolationism 
and joining the Allies to win the war, to provide freedom, and to maintain 
lasting world peace, has taken her place in world affairs. Our active par- 
ticipation in world activities may reasonably be expected correspondingly to 
enlarge opportunities for American industry and thus for American economic 
geology. The growing “closed door” policy of nations to restrict 2 and even 
to bar foreigners from acquiring and exploiting their mineral resources tends 
to lessen these opportunities for our economic geologists. In view of prob- 
able competition between American and European geologists for geological 
work, the matter of comparative compensation may enter, and the activity of 
American geologists in developing engagements will also play its part. 
Nevertheless it would seem that the demonstration of the superior qualifica- 
tions of our economic geologists in connection with war mineral work would 
create an international call for their able services. 

In short, conditions at home and abroad, that will determine the future of 
economic geology, appear to indicate continued enlarging opportunities for 
economic geology. 


CONCLUSION. 


In conclusion, after the war, our country and all nations will enter upon 
new conditions. Industry rests mainly on utilization of minerals. Enormous 
expansion of industry in the United States and in the world’s leading indus- 
trial nations will call for greatly increased supplies of minerals, both old basic 
metallic and non-metallic minerals and new minerals. The mineral reserves 
of the United States as well as of foreign countries have become seriously de- 
pleted. “Countries, States and companies suddenly become mineral conscious 
are making efforts to learn about both domestic and foreign mineral-resource 
possibilities.” American specialists in mineral resources have taken a lead- 
ing part in war mineral resource investigations and mineral procurement and 
American Geologists have contributed invaluable geological service toward 
successful prosecution of the war. The observations and experiences of the 
great mass of our able bodied, purposeful young men, in the course of their 
war military services, throughout the world have broadened their vision and 
awakened them to great possibilities of industry and of natural resources. 
The United States—under stress of war demands and through great war 
accomplishment—has won world leadership in industry, finance, aviation, 
military, naval and maritime affairs. May our representatives in negotiating 
peace terms hold this leadership so dearly won. The crucial state of affairs 
in our country and in the world clearly calls for every true American to 
stand firm for true American principles, for the American system of free 
enterprise, for Government by law under the American Constitution in our 
country, and for the principles of self determination for nations everywhere. 

12“QOur government should come to a fuller realization of an obligation to encourage and 
particularly to protect our foreign mineral industry” ... “against restrictive foreign meas- 
ures.” Bateman, Alan M.: Post War Position of World Minerals; address before New 


York section A. I. M. E., New York, Feb. 19, 1945, Mining and Metallurgy, New York, 
April 1945, p. 203. 
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Let the United States establish a truly American policy as a basis for our 
National and. International relations, and then justly and firmly maintain 
that policy throughout the world, collaborating with those nations that ap- 
prove our policy, and barring from our cooperation those nations that disap- 
prove our policy, then our country can retain its world leadership, American 
industry can carry its leadership into world markets, and economic geology 
can enjoy world wide opportunities. In short, this consideration of some 
essential factors in the development of economic geology appears to afford 
good grounds for the conclusion that the outlook for the profession of eco- 
nomic geology, in the future, is extremely favorable. In the words of our 
associate who is specially qualified to judge this matter “I feel that there is 
a big future for the profession.” 
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ABSTRACT. 


One of the most striking features of the geology of the Morobe gold- 
field of the Mandated Territory of New Guinea is the manner in which 
the fineness of the gold varies in different parts of the field. As most of 
the gold output is derived from alluvial operations and the workings are 
spread over streams comprising the Bulolo and Watut River valleys, as 
well as adjacent areas, a complete record is obtainable of the distribution 


1 Chief Geologist, Mineral Resources Survey, Canberra, Australia. Until 1942 Government 
Geologist, Territory of New Guinea. 
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of gold of different grades. The completeness of this record was largely 
responsible for the present attempt to correlate the sheds of various types 
of gold with geological features and to discover the determining factors 
governing gold fineness on the Morobe field. The facts relating to gold 
fineness in other gold-bearing districts have also been investigated, to 
discover whether the principles established for the Morobe goldfield are 
generally applicable. Comparisons are made of gold-bearing areas of 
various types in other parts of the world and the distribution of gold fine- 
ness in relation to conditions of ore deposition examined. 

In the light of the conclusions arrived at the probable causes govern- 
ing gold fineness are discussed, explanations are sought for outstanding 
anomalies, and applications of the subject to various problems and to 
practical prospecting are indicated. Consideration is given in the ap- 
propriate places to the question of the refinement of gold by stream action 
or by lying long immersed in placers, also to the effects on gold fineness 
of removal from the original outcrop, and variations within lodes due to 
secondary enrichment and redeposition of the gold. 


INTRODUCTION. 


Tue general geology of main goldfield area has recently been described,? and 
has also been referred to in Economic Grotocy.’ It is further illustrated in 
Fig. 1. The Kaindi series,‘ consisting of schist, slate, phyllite and limestone, 
has been intruded first by the Morobe granodiorite batholith, possibly in early 
Mesozoic, and later by successive apparently consanguineous quartz-biotite 
porphyries. The earliest of these was the deep seated Lower Edie type hypa- 
byssal porphyry followed later by the shallower injections of the porphyry 
bodies that were closely associated with the principal gold mineralization of 
the Upper Edie Creek area. Prior to the last intrusions volcanic activity 
broke out in the Wau-Edie Creek area and vast quantities of agglomerate and 
volcanic breccia were formed. The latest porphyry is intrusive into the brec- 
cia, which also carries gold-bearing veins in several places. About this time 
the ancestral Bulolo-Watut River valley was dammed up and the deposition 
commenced of the freshwater Otibanda series of Pleistocene age. Agglom- 
erates produced by the dying phases of the volcanic activity are interbedded 
with the lower stages of the lake beds. Later deposits formed subsequent to 
the draining of the lake include piedmont deposits in the Wau area northeast 
of Mt. Kaindi, rhyolite flows and breccias near Golden Ridges, and the exten- 
sive placers of the Bulolo and Watut River valleys. 


DISTRIBUTION OF THE GOLD. 
General. 


Alluvial gold is found along the Bulolo and Watut Rivers and many of 
their tributaries, as well as in several streams shedding from the other side of 
the ranges bordering the two valleys. The two rivers flow in a general north- 


2Fisher, N. H.: Outline of the geology of the Morobe Goldfields. Proc. Royal Soc. 
Queensland, vol. LV, no. 4, 1944. 

8 Fisher, N. H.: Metasomatism Associated with Tertiary Mineralization in New Guinea. 
Econ. GEot., vol. 34, no. 8, 1939. 

4 Fossils recently found by Dr. F. W. Whitehouse indicate a Permo-Carboniferous age for 
the Kaindi Series—Personal Communication. 
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westerly direction, rising in mountains 7,000 to 10,000 feet in height and join- 
ing not far above the town of Bulwa at an elevation just below 2,000 feet above 
sea-level (Fig. 1). In the central and lower portion of the two valleys, the 
generally rugged topography of the inland mountain areas of New Guinea is 
softened somewhat by the presence of the Otibanda lacustrine series, which 
has filled up the deeper parts of the original valleys. The principal gold- 
bearing portions of the main rivers are below 3,000 feet in elevation. The 
rich stream bed of the Upper Edie, from 6,000 to 6,800 elevation, lies high on 
the northwest side of Mt. Kaindi, which occupies a prominent position on the 
goldfield, overlooking Wau and Golden Ridges. Below Bulwa, the Watut 
continues for two or three miles along a fairly open valley and then enters a 
long stretch of gorge which is practically continuous down to Maralinan, where 
the river opens out, before joining the Markham, onto a series of very exten- 
sive flats. 

The principal gold production has come from the broad flats of the Lower 
Bulolo valley, where payable gravels reach in places depths exceeding 200 feet ; 
from similar but smaller deposits just below the Bulolo-Watut junction ; and 
from the rich alluvials of the Upper Edie area and from Koranga Creek. 
Sandy and Poverty Creeks; the Bitoi River and the Black Cat Creek; Little 
Wau Creek; the Bulolo River from the mouth of Wau and Sandy Creeks 
down to the Bulolo Power House, at the upper limit of the main Bulolo flats ; 
and the Upper and Lower Watut Rivers have also been important producers. 


Porphyritic and Volanic Areas. 


The main gold-bearing shed is the area comprising Upper Edie and Merri 
Creeks (Fig. 1). Gold in each instance has been found at the heads of the 
streams but has not led to the finding there of workable reef formations. The 
Day Dawn lode and the Edie lode system occur some distance below the upper 
limit of rich alluvials. Many small short veinlets and stringers have been 
found, mostly less than an inch in thickness, which are extremely rich, the 
gold content often being measurable in percentages. As a rule these veinlets 
are too small to permit of individual working, though some rich short patches 
have been mined. Outcrops are limited to stream beds and artificial expo- 
sures, the rocks elsewhere being covered by thick soil and humus as well as 
dense tropical vegetation. Even so it is well established that the gold of the 
Upper Edie shed is almost entirely derived from small rich stringers and 
leaders, spread over an area of about four square miles. The nature of the 
gold bears out its stringer origin. A large proportion consists of “specimen 
stone,” comprising an intimate mixture of quartz and gold, with the gold in 
veinlets and threads throughout the specimen. The most characteristic fea- 
ture of these specimens is the fact that they are generally flat, particularly near 
their source, and the two quartzose sides of the original veinlet can often be 
plainly seen, with the gold forming an interlacing network between the walls. 
Occasional rare large specimens have been found, up to several inches in 
diameter, but the vast majority are less than an inch in thickness. Of the 
stringers found in situ most are of the quartzose type, but a few consist of 
highly manganiferous material similar to that of which the Edie lode series is 
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mainly composed. This type of stringer, though still rich in gold, does not 
: contribute specimen stone to the alluvials. 
4 The injection of the gold stringers was preceded by, and closely associated 
; with, an intense hydrothermal alteration of the rocks in which they were de- 
posited, the area affected by this metasomatism corresponding closely with the 
area shedding gold. The metamorphics of the Kaindi series were altered to 
a chloritoid schist, known locally as mudstone from its appearance in the 
weathered condition. The thoroughness with which weathering affects these 
altered rocks, right down to the limits of oxidation, has been partly responsible 
for the development of the very rich alluvials of the Upper Edie area. A hard 
2 bar of silicified slate near a porphyry contact has held up erosion at the en- 
j trance to the area, known as Blue Point (Fig. 1), and above it the streams 
have cut soft altered rocks to a comparatively flat gradient in which only gold, 
quartz and the harder fragments of the metamorphics and the porphyries have 
been retained. 

The origin of the system of gold quartz stringers which furnished so great 
a proportion of the alluvial gold is almost certainly connected with the Upper 
q Edie biotite porphyry, with which they are most closely associated. Stringers 
‘ occur within the porphyry, though not to the same extent as in the mudstone. 
This porphyry is the latest, and similar types are found intruding the breccia 
of the Golden Ridges area, where they are also probably associated with the 
eq origin of the gold. 
A system of larger lodes is also closely related with the Upper Edie biotite 


; porphyry. The main series, comprising Day Dawn South, Surman’s Vein, 
4 Edie lodes Nos. 1 to 5, Karuka vein and the Enterprise lode, occupy a NW-SE 
: zone of fissuring immediately south of the main porphyry body, and close to 
: the Upper Edie fault, which strikes obliquely across the lode system in a more . 
3 northerly direction. On the northern margin of the main porphyry mass is 


the formerly important Day Dawn lode and a few smaller veins. 

The porphyry body just below the junction of Edie and Merri Creeks 
(Fig. 1) probably also contributed some gold, and that at the head of the Merri 
certainly did. The evidence is not definite, but it is most likely that some of 
these intrusives are slightly earlier than the main Upper Edie biotite porphyry. 
The Lower Edie type porphyry has also introduced gold, principally in the 
Lower Edie Creek region, but also in the Quombo and Crystal Creek area of 
the Upper Bulolo, and in Oriabanda and other creeks west of Edie Creek. 
Gold is found in streams shedding from the margins of the intrusives ; stringers 
have been found around them; and in places the silicified and mineralized slate 
of their contact with the metamorphics carries low gold values. 

Orebodies found around Golden Ridges occur in the volcanic breccia and 
are associated with altered biotite porphyries which intrude the breccia and 
which therefore belong to the latest intrusive generation. These porphyries 
are exactly similar in composition to that of the Upper. Edie. 

In one or two places gold has been found in the volcanic agglomerate with 
no apparent relation to any of the minor intrusives. Small creeks shedding 
into the Lower Edie, whose course lies wholly in agglomerate, carry a little 
gold. Between Namie and Koranga also gold has been worked in agglom- 
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tot. erate, though these deposits may have originated as slips from pre-existing 
a terraces at a higher elevation. 
a8 Granodioritic Areas. 

Gold is widely associated with the Morobe granodioritic batholith. Its 
a occurrence has been studied by the writer and by L. C. Noakes * in the Sandy 
Ha Creek, Bitoi River, and Upper Watut and other areas. It is always shed 
ble from near the margins of the granodioritic intrusion, and is generally con- 
we nected with irregularities of form in the batholith or with small offshoots from 
a: it. The horizon most productive of gold is within the metamorphic series 
it near the granodiorite contact. Structural features, such as anticlines, sheared 
ald, or faulted areas, or other zones of weakness, appear to have had a localizing 
in effect upon the gold-bearing solutions. In the Bitoi River-Black Cat Creek 
district, just across the divide between the Bulolo River and the coast, a close 
ae study of the distribution of the alluvial gold indicates that it has been shed 
per from horizons (anticlinal ) within the metamorphics a few hundred feet above 
i their contact with a gently plunging nose or ridge of the granodiorite mass. 
<td Gold in Sandy, Poverty, Kulolo and other creeks draining from the Wau 
ie side of the same divide is derived from the fringe of the main intrusion or 
he more commonly from the margins of small offshoots from it. Similarly, gold- 
bearing streams in the Upper Bulolo area—for instance Kodiak Creek—and 
stite down the Lower Watut River—Dunkel Creek, Tambe Creek, Subroar Creek, 
sf Bitap Creek, W aim River and the W ampit River—all drain from the vicinity 
SE of isolated granodioritic bodies which are doubtless continuous in depth with 
in the main intrusion. Gold of granodioritic origin in the Upper Watut basin 
ise comes mostly from near the granodiorite-slate contact southwest of the river. 
he Gold Occurrence. 
eeks The igneous history and the gold distribution of the Morobe district are 
lerri such that excellent opportunities are provided for studying variations in gold 
1e of fineness, as the number of variables usually present in such a study has been 
yy. greatly reduced. The type of magma associated with the mineralization is 
. the fairly homogeneous throughout, all its products exhibiting little variation. 
ea of Four phases are represented, plutonic, hypabyssal, deep and shallower, and 
reek. extrusive, all derived by differentiation from a granodioritic magma. Most 
igers of the gold has been deposited in the metamorphics under comparatively con- 
slate stant environmental conditions, so that the principal external cause of vari- 
ation in the type of gold deposited is that of depth with accompanying tem- 
and perature and pressure. 
. and A characteristic and disappointing feature of all the occurrences of gold 
ries associated with granitic rocks is the absence of workable reefs. In dozens of 
streams the gold has been traced up to the point where it disappears, but no 
with definite leads have yet been revealed. Sometimes colors of gold can be found 
Jding right to the head of the streams, more often values are best in the lower por- 
little tions and decrease rapidly upstream, e.g., Sandy Creek, Poverty Creek, Iroa 
zlom- 5 Unpublished Reports, Territory of New Guinea Geological Survey. 
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Creek, Suprise Creek and many others. In places, in the Upper Watut and 
Black Cat areas, small stringers carry gold of similar character to that in the 
alluvial, whereas the metamorphics throughout their extent, but especially to- 
wards the granodiorite contacts, are riddled with quartz veinlets. These veins 
are mostly small, although they may reach a foot or so in thickness and a few 
yards in length, and consist chiefly of barren white quartz, but from the fact 
that some have been found carrying gold, and from the distribution of the 
gold, the conclusion is inescapable that such small veins, scattered over wide 
areas, constitute the origin of the alluvial gold. Only in special areas where 
geological features are favorable to gold deposition is the concentration of 
gold-bearing veinlets sufficient to have produced payable alluvial deposits. 

This habit of gold occurrence, in small veins close to igneous contacts, is 
typical not only of the early granodioritic intrusions but also of the later Ter- 
tiary porphyritic sources, as has already been pointed out with reference to 
the Upper Edie gold-bearing area. The result is that in a district which for 
the year 1939-40 produced nearly three million pounds worth of gold, the only 
lodes being exploited were the Edie lode system, including Enterprise lode, 
the Day Dawn lode and the Upper Ridges and Golden Ridges orebodies near 
Wau. The gold output from these contributed only about 10 per cent of the 
total. The following table shows the gold production of the Morobe District 
up to the end of June 1941 in fine ounces, the value of the gold produced, and 
the proportion derived from alluvial other than dredging, from dredging and 
from reef mining operations : 


TABLE 1. 
GOLD PRODUCTION OF THE MOROBE DISTRICT. 
oar Alluvial Dredging _Reef Total Value 
Fine Ozs. Fine Ozs. Fine Ozs. Fine Ozs. £A 

Prior to 30/6/1930......| 197,896 197,896 843,308 
| 29,824 34 29,858 154,046 
| 46,969 91,653 25,759 164,381 1,345,801 
eer | 41,185 124,681 29,736 195,602 1,730,644 
Lo eee | 49,077 136,867 30,152 216,096 1,901,989 
59,279 133,553 19,963 212,795 1,855,684 
48,216 159,769 21,228 229,213 2,116,117 
pb | 63,329 173,833 18,873 256,035 2,733,880 
Total to 30/6/41....... 739,625 1,196,930 211,821 2,148,376 £18,578,052 
% of Total 1939-40.... 23.3 66.6 10.1 

% of Total 1940-41.... 24.8 67.8 7.4 

% of Total to 30/6/41. . 34.5 55.7 9.8 


FINENESS OF THE GOLD. 


General. 


Great care has been taken to establish the fineness of the gold from each 
area with the maximum possible exactitude. Every parcel of gold obtained 
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by each individual producer is declared upon export, and when the assay re- 
turns come back from the refinery, the gold and silver fineness of the bullion 
are recorded. The figures for each producer, or for each group of producers 
operating in closely connected localities, have been accurately obtained by 
weighted averages of many thousands of returns that extend over a period of 
years. For a few areas of minor output since detailed records have been kept, 
averages have been obtained from older figures giving the gold fineness only. 
Such instances are indicated in the table. In other localities of unworkable 
gold, but of interest to this investigation, assays have been made of samples 
of the gold recovered by boxing, which has given the range of fineness and 
an approximate average value. It is important to note that in the table only 
the average fineness resulting from the mixture of whatever types of gold may 
be present is shown and similarly the range given is only the range in indi- 
vidual gold shipments, most of which contain several ounces at least. The 
true fineness of the gold is only obtainable in areas where the gold is of one 
derivation only, but in others where it has been considered necessary the ex- 
treme range of the various fractions has been obtained by assays of isolated 
fragments. 

In all cases the silver fineness has also been calculated. The gold and 
silver usually add up to a figure in the vicinity of 990, the remaining few parts 
per thousand consisting of base metal. However, mercury is used exten- 
sively in the alhivial workings, and many of the miners manage, by divers 
methods known only to themselves, to introduce during their clean-ups vary- 
ing quantities of impurities into the bullion, so that its total precious metal 
content is affected, not only by the amount of base metal actually contained 
in the bullion, which as a rule is fairly constant, especially within any given 
area, but also by the nature of the cleaning-up process employed. Conse- 
quently, to obtain a true basis for comparison the gold and silver contents have 
been recalculated to add up to one thousand, thus eliminating the effect of the 
base content. Throughout this paper then, the terms fineness, grade, quality 


or value will indicate the TRUE fineness so obtained, that is, the ratio dgnnseomentils 

Au + Ag 
while the recorded fineness, from which the base content is not eliminated, will 
always be referred to as the bullion fineness. 

The first column in Table 2 gives the number of fine ounces upon which 
the calculation of the fineness is based, in order to indicate the reliability of 
the figures. If the returns contain only one or two individual small parcels 
well outside the general range, their fineness is shown in brackets (col. 2). 
The average bullion value in both gold and silver as obtained by direct calcula- 
tion is shown in the fourth and fifth columns. The difference between 1,000 
and the sum of the gold and silver gives the base metal content. In the last 
column the gold-silver ratio is shown, and these are the figures mostly used 
in the following discussion. In order to keep the table within reasonable lim- 
its, the average value only of the gold from all the producers in each individual 
area is shown, where no useful purpose would be served by listing each one 
separately. In some sections of the field it has, of course, been necessary to 
confine the results to single producers ; otherwise significant variations would 
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458 N. H. FISHER. 
TABLE 2. 
FINENESS OF GOLD ON THE MOROBE GOLDFIELD. 
Range in Bullion Average Bullion 
No. Fineness Fineness 
ies of Au 
i- 
Au Ag 

Edie Creek 
Upper Edie, above Edie Lodes......... 8440 503 541 523 466 528.5 
Edie Lodes, Plate Bullion............. 10000 480 543 505 441 534 
Edie Lodes to Merri Junction.......... 821 529 542 534 455 540 
1800 515 575 552 435 559.5 
18000 |(437)479| 553 523 458 533 
Edie Creek, Merri Junct. to Slate Cr.... 182 532 541 537 450 544 
369 541 585 562 426 569 
Slave Towers. 360 573 663 622 368 628.5 
Joper Webiak Creek... 783 798 792 
Edie Creek, Slate Cr. Junct. to gorge top. 7827 496 584 554 432 562 
Edie Creek, Gorge Section............. 1149 523 630 561 426 568.5 
Golden Deeps Workings............... 364 640 719 664 312 680 
Lower Edie Creek, First Claim......... 523 567 681 619 353 637 
Lower Edie Creek, Second Claim....... 882 563 732 646 338 657 
Lower Edie Creek, Third Claim........ 1031 556 750 658+ 328 667 
4*| 604 608 606 384 612 
Lower Edie Creek, Fourth Claim....... 1202 560 721 661 324 671.5 
Lower Edie Creek, just above mouth..... 4940 602 680 650 342 655 
Upper Buiolo Valley 
Bulolo River, below Crystal Creek...... 93 805 854 826 167 833 
68 685 747 739 249 748 
Bitoi River, above Black Cat Junct..... 1093 852 887 872 123 876 
Bitoi River, below Black Cat Junct..... 1284 863 885 871 122 877 
Bitoi River, high terraces.............. 473 869 883 877 116 883.5 
446 843 862 861 134 865 
15 850 858 854 134 864 
Little Wau Creek, above Wau....... : 95 618 647 634 356 640 
Little Wau Creek, opposite Wau....... 346 596 662 617 362 625 
Little Wau Creek, below Wau......... 815 604 624 614 386 620.5 
Little Wau Creek, lower down......... 2288 562 628 598 378 613 
No. 6 Dredge, above Koranga Cr....... 8144 | | 757 792 777 217 781.5 
Flat Creek, Upper...... ee oe 775 631 676 649 344 654 
Ye ee” 340 705 794 754 235 763 
No. 6 Dredge, near Koranga Cr........ 2624 687 717 712 280 718 
46 607 624 612 377 618.5 


* Number of returns; weights not available. 


+ Assays of individual nuggets of gold. 
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TABLE 2—Continued. 
———J Range in Bullion Average Bullion 
No. Fineness Fineness " 
Locality 
Bs Oz, | | Maxi. 
-Ag mum mum Au Ag 
Upper Bulolo Valley—Continued 
Upper Ridges Outcrop.'. 8 | -609 621 617 373 623 
8.5 Golden Ridges Cyanide Bullion........ c.40000 576 643 615 346 640 
4 Anderson’s and Bourke’s Cr............ c.4000 583 602 593 397 599 
10 Power Namie Creek c.100 624 648 633 358 638.5 
59.5 Tributary, Lower Koranga Cr.......... 240 609 641 622 369 627.5 
33 Terraces, mouth Koranga Cr........... 452 616 662 649 342 655 
19.5 Bulolo River below Koranga Cr........ 2600 637 667 658 331 665.5 
rs Lower Bulolo River 
30 Bulolo River, above Power House...... 10432 |(595)641| 680 657 329 666.5 
28.5 Bulolo River, below Power House... ... 7035 627 664 647 325 665.5 
62 62596 650 664 658 332 664.5 
68.5 15958 648 657 652 342 656 
80 Terraces opposite No. 5 Dredge........ 1890 650 744 700 279 715 
37 No. 2 Dredge, new, downstream........ 9704 |(645)653| 676 664 330 668 
82.5 Below No. 2 Dredge.................. 808 640 680 673 321 677 
57 High Terraces at same place........... 6488 703 783 740 251 747 
512 No. 8 Dredge, farther downstream...... 6349 697 730 709 287 716.5 
971.5 
Upper Watut River 
Above Oriabanda Creek............... 708+ 867+ 
874 DAMON 366 738 793 763 231 768 
789 2530 851 882 871 117 881 
833 Near mouth of Iroa Creek............. 989 741 847 810 168 828 
875 Surprise Creek to Roaring Creek....... 4347 786 869 830 163 836 
876 1320 881 892 887 106 893 
877 Roaring Creek to Slate Creek.......... 5256 |(752)802| 844 826 165 834 
883.5 BOW 3217 791 858 825 162 836 
869 Terraces, same locality................ 626 815 887 835 157 842 
865 3247 791 865 832 158 840 
864 Terraces opposite Bulolo-Watut Junct.. . 1674 806 874 821 171 827 
640 
625 Lower Watut River 
781.5 * Sunshine Gold Development........... 8684 |(585)737| 779 753 239 759.5 
654 Just below Sunshine Gold Devel........ 783 742 776 759 232 766 
763 : Snake River Junct. to Sonia Aerodrome. 714 728 757 748 243 754.5 
718 Near Sonia Aerodrome................ 736 703 754 744 247 750.5 
606 Sonia Aerodrome to Dunkel Cr......... 1366 |(669)732| 763 748 241 756 
618.5 Dunkel Cr. to Roamer Aerodrome...... 3020 734 |(822)808) 754 236 762 
Roamer Aerodrome 1817 |(711)741| 813 766 218 773 
* Number of returns; weights not available. 
t Assays of individual nuggets of gold. 
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TABLE 2—Continued. 


Range in Bullion Average Bullion 
No. ineness Fineness 
of u 
Locality Fine 
axl- 
mum mum Au Ag 
Lower Watut River Continued ( 
Just below Subroar Creek............. 820 742 827 780 211 787 
Bitap Creek to Maralinan............. 1606 726 759 751 240 758 
Other Localities 
56 | 859 864 | 861 133 866 
Upper Markham River............... 71 836 885 877 116 883.5 
285 738 766 754 238 760 
civic 216 759 782 772 218 780 
Assama, Lower Waria River........ Ay 349 774 787 782 210 788.5 
_ Upper Ramu-Purari Area: 
236 922 924 923 70 929.5 
127 736 756 744 249 749 
873 893 885 
4503 837 971 918 75 924 


have been lost. On the graph, Fig. 3, the fineness in the main streams is 
shown in slightly more detail. All pertinent results have been plotted and 
the curve showing the value of the fineness at any point has been interpolated. 
This graph shows up remarkably well the effect on the average grade of the 
gold of fresh additions of a different quality. The location of the different 
gold sheds is shown on the gold fineness map, Fig. 2. 


Edie Creek. 


From the head of Edie Creek, the fineness of the gold above the main 
biotite porphyry intrusion averages 528.5, being shed from the “mudstone” 
area carrying small rich gold-quartz stringers. Below the contact of the 
mudstone with the Upper Edie biotite porphyry, below which the outcrop of 
the Edie lode system could have contributed gold to the stream, the fineness 
rises to 540. The average value of the gold in the Edie lode is only 534. 

Merri Creek, a very rich stream in the early days, derives its gold from 
tributaries shedding from porphyry and mudsione on its right bank in the 
upper portion of the stream. The average value of this gold is slightly 
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higher than that of the Upper Edie, about 559.5. Like that of the Upper 
Edie, the gold has been followed in many cases to the heads of the streams, 
where a few small rich veinlets in porphyry and overburden have been found 
at 7,500 feet elevation. Gold from near the head of the Merri, rough, even 
in part retaining crystal or wire forms, and very little waterworn, shows a 
fineness of 564, and a total gold-silver content of the bullion of 989.4, show- 
ing that in this instance the distance from the source does not much affect 
the purity of the gold. Near the mouth of Merri Creek the average gold 
fineness is reduced to 549.5 by the fact that it passes directly by the outcrop 
of the Day Dawn lode, which carried very rich quartzose ore, considered to 
have extensively enriched the alluvials of the Merri. The Day Dawn min- 
eralization is similar in many respects to that of the small rich stringers, as 
the principal portion of the lode consists of a series of small gold-bearing 
quartz veinlets confined to a zone of fissuring. Day Dawn gold averaged 533 
parts per thousand. 

Below the Merri junction the fineness of the gold in the creek is 544. 
Slate Creek which joins the Edie from the left hand side was never very rich 
and few records are now available. In the upper portion it contained gold of 
value 540 to 570 comparable with that of the Upper Edie, but below Lyall’s 
Creek this increases to 628.5. Lyall’s Creek itself carries a small amount of 
gold of grade 730, shed mainly from near the contact of a mass of quartz- 
biotite-porphyry of the Lower Edie type, which is characteristically asso- 
ciated with gold of this order of fineness. Lower down Slate Creek near its 
junction with the Edie, the gold fineness probably decreases again because the 
creek passes the outcrop of the Karuka and Enterprise lodes, both of which 
contain gold not much more than 500 fine. However, the average fineness 
of the gold shed into the Edie by Slate Creek is sufficiently high to raise the 
grade of the Edie gold several points. 

In the Edie itself below the Slate Creek junction the value of the gold re- 
mains constant at 562 down to Blue Point (Fig. 1). Here the creek plunges 
several hundred feet over two main falls, and thereafter continues down a 
precipitous gorge for two miles, during the course of which it descends from 
6,000 to 3,600 feet elevation. Not far below the top falls the fineness has in- 
creased to 568.5 and individual returns up to 630 suggest that already a 
source of high-grade gold is being tapped. (Above the gorge the maximum 
fineness registered was 584.) Where the creek emerges lower down from 
the steep gorges onto a section of the stream, which, though still fast-flowing, 
has allowed the formation of some stream flats and terraces, a remarkable 
change in gold fineness has taken place. In the first workings it is 629; in 
the next, only a short distance farther down, 637. At the next claim the 
fineness is 657, at the next 667, and the maximum is attained in the follow- 
ing claim at 671.5. The average of these last three is 666. At the lowest 
claim on the Edie, some distance downstream near the mouth of the creek, 
the fineness has dropped back to 655. 

It is obvious from this marked increase in the Lower Edie that gold of a 
considerably higher quality has been shed into Edie Creek between the falls 
at the top of the gorge and the Lower Edie workings. The obvious source 
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of this gold is the mineralization associated with the Lower Edie porphyry, 

whose contact with the metamorphics coincides with the point where the 
grade of the gold begins to rise perceptibly (Figs. 1, 2). Streams flowing 

into the Edie in this section are small and the slopes are too steep to allow 


3] them to retain any alluvials in their beds, but a small amount of work in one 
; creek, Garden Creek, entering from the right hand side, has returned gold 
ie of a fineness of 782.5, comparable with that elsewhere derived from the mar- 


id . gins of similar porphyries. At Golden Deeps, a thousand feet or so above the 
creek, some gold has been recovered from an indefinite formation consisting 


dl of scree material, and the average fineness here is only 680. Apart from this 
na it is likely that most of the gold contributed by the Lower Edie porphyritic 
cf area is about 780 fine. The average value of the gold in Edie Creek just 
above the junction with the Bulolo River is 655, and this may be taken as 
34 closely representing the average value of the gold brought down by Edie 

Creek into the Bulolo. From the above figures, and adopting 782.5 as the 
4 fineness of the gold contributed by the Lower Edie porphyry area, the in- 
“ crease in grade over that of Upper Edie gold has amounted to 93 parts per 


thousand, while that of the Lower Edie porphyry has been reduced by dilu- 
1's tion 127.3 parts. This means that about two-fifths of the gold issuing out of 


of the mouth of the Edie has come, not from the head of the creek as commonly 
ae supposed, but from the middle portion of the watershed. 
A small amount of gold was won from a stream entering the Lower Edie 
Se from the left. The upper portion of this creek was entirely in agglomerate 
ra so that the origin of this gold must be considered to be closely associated with 
ch the volcanic activity. The average fineness was 612. 
ess Resumé Edie Creek. 
oi The study of the fineness of gold in relation to the geology along Edie : 
a) Creek and its tributaries has shown that the Upper Edie biotite porphyry has 
been responsible for a shed of gold of fineness about 530. This includes the 
a Day Dawn lode. Other porphyries at the head of the Merri and just below 
its junction with the Edie are associated with gold of a slightly higher value, 
“i 550 to 570, while the Lower Edie type porphyry, both in the Lower Edie 
eat itself and in Lyall’s Creek in the Upper Edie area, has introduced gold gen- 
Kis erally from 730 to 780 in fineness, but which may vary from about 650 to 800. 
ae The comparatively negligible amount shed from the volcanic agglomerate 
- appears to be about 612 fine. 
ble - Upper Bulolo River. 
Sys The valley of the Bulolo River above the mouth of the Edie contains a 
the heterogeneous mixture of types of gold derived from many different sources. 
see On the right bank of the stream gold of granodioritic origin is constantly shed 


in, from Kodiak, Beenleigh, Sandy, Poverty, Bamboo and Kulolo Creeks, and 
ek, in the lower reaches of Sandy and Poverty Creeks highly payable alluvials 
occur. The grade of gold in all these streams is remarkably constant at 860 
to 880 fineness, the value that is almost everywhere returned by gold whose 
origin is connected with the Morobe granodiorite batholith. Some of the 
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gold in the lower portions of these creeks and in other smaller streams is 
derived by reconcentration from marginal conglomerates of the Otibanda 
series into which the gold was shed during the deposition of the lacustrine 
beds. 

The Bulolo River above Kodiak Creek carries only very little gold, of 
fineness probably about 840, due to an admixture of the higher grade grano- 
dioritic gold with gold derived from the vicinity of a series of intrusions of 
the Lower Edie type quartz-biotite porphyry at the head of Quombo Creek. 
The average in Quombo Creek is not well established but is probably a little 
over 800. Assays of individual pieces obtained by boxing all fall into one 
of two distinct categories, of fineness either about 730 or 890, whereas nearly 


Southern end of Bulolo Flats, showing power house, spillway, No. 1 dredge, 
hydraulic sluicing, Bulolo River, and Pine Forests. Photo by A. T. Simmons, 
Bulolo. 


all those from the Bulolo River above Quombo Creek corresponded to the 
higher value. Crystal Creek a little lower down, one of the few streams in 
this area which has yielded payable returns, produced gold of fineness 789, 
consisting of a similar mixture, with the lower quality component predomi- 
nating. From Crystal Creek down to the mouth of Sandy Creek the fineness 
of the gold in the Bulolo River flats, which are not as a rule payable, is 833. 
The next gold-bearing tributary, Binatang Creek, contains gold 748 fine, but 
its origin is lost in obscurity, for this portion of the Bulolo valley is occupied 
by the Otibanda fresh water series covered in places by a generous thickness 
of piedmont deposits and it is probable that the gold is derived by reconcen- 
tration from conglomerate beds in the fresh-water series and from the over- 
lying boulder deposits. 
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The Big Wau Creek, whose course lies mostly in granodiorite, has not 
been shown to be gold-bearing, but its left-hand tributary, Little Wau Creek, 
carries a variety of types of gold at different places throughout its length. 
Some of its upper branches, Bartlett’s Creek and Doris Creek, drain from the 
southeastern fringe of the Edie Creek mudstone area, and their gold was 
approximately of that characteristic grade, 520 to 550. From the upper por- 
tion of these streams down to near the town of Wau, the Creek consists of a 
series of gorges, running parallel and very close to the granodiorite-slate 
contact, but lying within the slate. No gold has been won from this section, 
but a little has been obtained just above the town of Wau. The highest por- 
tion of the creek lies along the southern side of the Wau aerodrome (Fig. 1). 
Lower down it is joined by the Big Wau and its gold is diluted and spread 
over a wide area where the streams have meandered, without any well-defined 
banks, over the gently sloping surface of the lake beds. The gold in the lower 
Little Wau Creek exhibits the peculiar feature that from above the town of 
Wau down to the bottom workings the fineness of the gold progressively 
decreases from 640 to 613. The most probable explanation is that a limited 
shed of high grade granodioritic gold has recently been tapped and that its 
influence is mainly confined to the upper portion, not yet having had time to 
affect the lower section to the same extent. Most of the gold in the Little 
Wau shows evidence of having travelled some distance and the specimen 
stone which is not uncommon is identical with that derived from the Upper 
Edie area. 

Wau Creek and Sandy Creek enter the Bulolo opposite each other, and 
below this point extensive dredgeable river flats exist. Poverty Creek, Bam- 
boo Creek and Kulolo Creek join the river a little farther down and along 
this area the fineness of the gold as revealed by the dredge averages 781.5. 
The significance of this is that, ignoring the comparatively small amount of gold 
which has come down the main river, a little more than twice as much gold has 
been derived from the Sandy Creek side (869) as from the Wau side (613). 
If allowance be made for the gold from the Upper Bulolo, 833 fine, this pro- 
portion is decreased slightly, but not enough to alter the fact that the greater 
part of the gold has come in from the right side. This conclusion is in 
accord with the relative amount of gold won from these streams themselves. 

Flat Creek, a small stream shedding wholly from the Otibanda series con- 
glomerates or from piedmont deposits, carries gold of average fineness 654, 
but its detailed origin is impossible to trace. At the mouth of the creek a 
fineness of 763 was obtained, but here the gold was obviously derived from 
Bulolo River flats and terraces. 


Koranga and Namie Creeks. 


About a mile above the junction of Edie Creek with the Bulolo River, 
Namie and Koranga Creeks, which join just above their mouth, enter the 
river from the left side, and these two creeks, though small, are, from a gold- 
bearing point of view, the most important tributaries of the Bulolo River 
next to Edie Creek itself. Koranga has always been rich and is historically 
of interest, for the first gold discovery on the Morobe field was made by Park 
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near the mouth of the creek in 1922, four years before Royal and Glasson 
penetrated to the top of the Edie and found the rich alluvials which started 
the real “rush” and marked the beginning of intensive development of the 
goldfield. Koranga is a small stream, carrying normally not much more 
than a trickle of water, and lying entirely within the Pleistocene sedimentary 
series, between Kunai and Namie Creeks. Its gold is shed from thick 
recent piedmont deposits and from rich lenses and bands of actual wash 
or conglomerate within the Otibanda series itself. These beds represent the 
marginal portion of the lake into which streams from the upper slope of Kaindi 
mountain—essentially identical with the present Upper Edie shed—deposited 
their gold content. The Koranga workings now constitute a series of deep 
leads over a vertical range of 200 feet or more, and these, up to January 1942, 
were being mined by intensive hydraulicking, with several nozzles continually 
advancing a huge face consisting of intercalated bands of rich coarse wash, 
finer comparatively barren conglomerates and mudstones, the whole overlain 
on one side by a thin recent rhyolite flow and on the other by boulder deposits 
with a low gold content. The fineness of the Koranga gold averages 606. 
Assays of individual fragments have shown that much of this gold is identical 
with that of the Upper Edie and Upper Merri, with a fineness of 540 to 560, 
and there is no doubt that one of the ancestral streams originally draining the 
Upper Edie area flowed northeasterly to dump its gold and boulder content 
at the edge of the lake near Koranga. The higher average value of the gold 
may be due in part to admixture of a proportion of Lower Edie porphyry 
gold, for the margins of this intrusion lie not far above Koranga, but there 
also unquestionably exists on the northeast side of Kaindi a type of gold of 
fineness of 615-650. It is most probable that this mineralization is connected 
with the post-breccia orebodies of Golden Ridges, Upper Ridges and Ander- 
son’s Creek. A small gully running over the Upper Ridges outcrop returned 
gold 623 fine; Bushy Creek whichheads just over the top of a low ridge 
from Anderson’s Creek lode produced a limited quantity of gold of fineness 
618.5, while early direct cyanidation of the oxidized ore at Golden Ridges it- 
self returned a bullion fineness as high as 643. Cyanide returns are ad- 
mittedly an unsatisfactory basis from which to quote gold fineness, owing to 
the solvent effect of cyanide on many silver minerals, but in this instance the 
ore was cyanided direct without grinding, and the silver content, originally 
low, was probably mostly present in the form of an insoluble silver manganite. 
For a long period during which soft surface ore was being mined, the Golden 
Ridges Mill prodticed bullion varying from 576 to 643 in fineness. This fig- 
ure dropped slowly during later operations, particularly when fine grinding 
was introduced. 


In addition to gold from the outcrop of these larger lodes it is certain that, 


following the usual habit of gold deposition in the Morobe district, many 
small rich stringers of a similar grade were deposited. In the Koranga work- 
ings specimen stone is common, and while these are usually similar to the 
Upper Edie type, occasionally they have black slate adhering to them, sug- 
gesting a more local origin. Individual pieces assayed eepereiely fall into 
two grades, one about 560, the other about 600. 
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Namie Creek, the present main branch of the Namie-Koranga stream 
system, carries gold in its lower reaches of fineness 638.5, but most of its 
alluvial workings are along its right-hand branches, Anderson’s and Bourke’s 
Creeks, where the gold fineness is 599. Gold here is found in conglomerates 
of the Otibanda series, in boulder deposits overlying them and in more recent 
gravels derived therefrom, exactly as at Koranga, a few hundred yards away, 
and the origin of the gold is considered identical. The higher value lower 
down the main stream is due to a small extent to the slightly higher grade gold 
from Golden Ridges and Upper Ridges outcrops, and related deposits, but 
principally to a 1auch higher quality component from the Lower Edie por- 
phyry, of which Namie Creek drains a considerable area. 

The dredge workings opposite and just above the mouth of Koranga and 
Namie Creek produced gold of average fineness 718. This figure only holds 
for the immediate vicinity of the Koranga mouth, for higher up the river, as 
previously mentioned, the grade of the gold is 781.5, and this is reduced by 
emptying gold out of the Koranga into the main river valley. Terraces 
of the Koranga at its mouth return gold of fineness 655, the increase over that 
of the creek evidently being caused by an addition of gold from the Bulolo 
itself. The river below this point flows through a very short agglomerate 
gorge and then opens out onto a fairly spacious flat known as the Kaili area 
where a large scale hydraulic plant has been working. From an output here 
of 2,600 ounces the average fineness of the gold is 665.5, as against 781.5 
higher up the river, convincingly demonstrating the importance of the Koranga 
contribution, which has obviously been twice as great as that from the Bulolo 
above it. This average is the last obtainable above the mouth of Edie Creek. 
The assay returns in Edie Creek itself near the mouth were 655 and as high 
as 671 higher up. The figures then for the Edie and for the Bulolo are so 
close as to be, for practical purposes, identical; and no clue can be gained 
from the finenesses of the relative proportions of gold that have been carried 
down the Bulolo from either stream. From the distribution and origin of the 
gold, however, it is quite certain that by far the greater part has come down 


Edie Creek. 


Resumé Upper Bulolo Valley. 


Summarizing the results of the study of gold fineness within the upper 
Bulolo Valley, the two most important sources of gold are the Sandy-Poverty 
Creek granodioritic area, and the Namie-Koranga porphyritic gold, largely 
reconcentrated from wash within and on top of the Otibanda series. In this 
latter shed, the existence of two of the grades of porphyritic gold carried by 
Edie Creek, one 540 to 560, the other 700 to 800, is confirmed, and the pres- 
ence established of an intermediate fineness on the northeast slope of Mt. 
Kaindi, a little over 600. Above Wau Creek the gold content of the streams 
is low and originated partly near the Quombo Creek quartz-biotite-porphyry 
intrusion, fineness about 780, and partly in offshoots from the main grano- 
dioritic mass with characteristic high grade gold. Nearer Wau dilution from 
the later sediments has to be taken into account, but Wau Creek itself has 
derived most of its gold from near its source in the Upper Edie mudstone 
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area, with small granodioritic contributions and possibly also a fraction of the two, bi 
type of gold of fineness of 600-650, the presence of which has been estab- propor 
lished on the northeast side of Mt. Kaindi. at the 
Lower Bulolo River. gh t 
At Cliffside, a rich alluvial property about one mile downstream from the ee) noe 
Edie-Bulolo junction, average fineness is 660, corresponding very closely to Soran 
that brought down by the Edie (655-665) and by the main river (665.5). ie 
Below Cliffside the Bulolo River runs for several miles through a very nar- i” 
row gorge which opens out sufficiently to permit of alluvial workings some ihieg 
distance above the Bulolo Gold Dredging Ltd. Powerhouse, and immediately ee the 
types « 
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Looking down the Bulolo Valley from opposite the Bulolo Power House. ward tl 
No. 1 dredge on right-center. N. Lischeld, Bulolo, T. N. G. flatter ¢ 
A little 
below the powerhouse spreads out fanwise on to the broad flats of the Lower ate, the 
Bulolo Valley. Fineness above the powerhouse is 666.5, immediately below 1S conn 
it 665.5, and from the Nos. 1, 2 and 5 dredges, handling huge amounts of Morobe 
gold, 663, 664.5 and 656 respectively. All these figures are close to those old rive 
obtaining above the gorge. Terrace gold is always a few points higher in a temp 
quality than that of the river flats; near Cliffside about 665, and above the meande 
powerhouse 676. channel 
The Bulolo River passes in the gorge over small outcrops of granodiorite alluvial 
and Lower Edie type porphyry, intrusive into Kaindi series rocks (Fig. 1), This at 
but there is no evidence that appreciable amounts of gold have been con- for enot 
tributed from this section. Surface refining action may have been responsi- The hig 
ble for increasing the fineness of the gold nuggets and particles a point or of three 
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two, but variations in fineness are best explained by variations in the relative 
proportions in the different grades of gold being brought down by the streams 
at the time when each individual bed of wash was deposited. The returns 
from the dredges (Fig. 4) are interesting, and demonstrate the reliability of 
the average grades when applied to large quantities. In parcels of gold 
seldom less than 1,000 fine ounces, the maximum variation is only 22 parts, 
from 648 to 670, and is mostly constant in any one area, variations being due 
to movements of the dredge on to ground where a slightly different grade 
prevails. This is in direct contrast to the smaller returns of the individual 
miner whose parcels of gold may vary almost to the extreme limits of fineness 
of the different types of gold occurring in his alluvial deposits. The different 
types of variation are illustrated graphically in Fig. 4. Dredges 1 to 4, 
though their gold consists of a mixture of several types, show little variation 
on account of the large quantities involved, whereas the returns of a small 
producer in the same area jump up and down with great irregularity. At 
Koranga, where different types of gold are present but do not vary between 
such extreme limits, the assay values are rather more uniform. No. 6 Dredge 
shows more variation than the others partly because the amounts of gold 
produced are smaller, and partly because it has been working upstream from 
a lower to a higher grade area, with the tributaries on both sides bringing in 
different quality gold. The returns of small producers in areas where only 
one source of gold is present, such as the Upper Edie and the Bitoi River, are 
fairly regular, comparable with the dredges. The examples figured are fairly 
typical and can be taken as represeritative of the range in assays of individual 
parcels of gold from workings of the different categories. 

The fact that No. 5 Dredge, digging to more than twice the depth of Nos. 
1 and 2, recovers gold slightly lower in value may be significant, indicating 
that in its early alluvial history the Upper Edie contributed comparatively 
rather more to the Bulolo valley placers than in very recent times. Late 
operations of No. 2 Dredge farther downstream below Bulolo township pro- 
duced gold 668 fine. This increase probably reflects a smaller grain size and 
a consequent greater effect due to surface refinement, because it occurs to- 
ward the lower end of the main Lower Bulolo valley where the river has a 
flatter grade and consequently less transporting power than at any other place. 
A little lower down, where the river runs through a small gorge in agglomer- 
ate, the value of the stream gold rises above 677. This last sudden increase 
is connected with one of the most puzzling occurrences on the whole of the 
Morobe goldfield. About 100 feet above the present river bed a well defined 
old river channel has been traced and was apparently formed at a time when 
a temporary base level of erosion had been established in this area, for it 
meanders around in sinuous bends, crossing and recrossing the present river 
channel. The presence of this old stream bed has given rise to very profitable 
alluvial operations, returning gold of a consistent average fineness of 747. 
This at once accounts for the higher grade of gold in the river at this point, 
for enough of the terraces has been eroded to account for the rise in fineness. 
The higher value of the gold in the elevated river channel may be due to one 
of three possible causes : the Anamapi Creek, a now barren stream which enters 
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the river at this point, may once have carried gold of granodioritic origin; it 
may be due to high-grade gold having been brought down by the Bulolo River 
itself for a limited period; or the Watut River, which carries gold 830-840 
fine, may formerly have joined the Bulolo much farther upstream than at 
present, the high terraces having been laid down by the two rivers after their 
junction. Support is given to this last theory by the returns from No. 8 
Dredge which commenced operations near the junction of the two rivers and 
worked upstream along the Bulolo valley. The first returns were similar to 
those obtained below the junction, but on moving upstream above the point 
where the flats could possibly have been contaminated by the present Watut 
River, the fineness settled to a constant figure, about 686. Below the mouth 
of Anamapi Creek the No. 8 Dredge returns are the only ones available from 
the Bulolo River. 


Upper Watut River. 


The principal production in the Upper Watut area has come from the 
river itself (including river flats), from the mouth of Iroa Creek down to 
the top of the Upper Watut gorge, and from Iroa and Surprise Creeks and 
to a lesser extent Roaring Creek. Iroa and Surprise Creeks shed from near 
the granodiorite-slate contact and carry gold typical of this derivation, well 
waterworn and flaky, average fineness 881 and 887 respectively. The gold 
is mostly concentrated near the mouths of the creeks, which fact, considered 
together with the character of the gold particles, shows that it has travelled 
some distance and that little gold is now being shed into the streams. 

Above the mouth of Iroa Creek the gravels in the Watut have not been 
found as a rule to be workable, and the limited returns available indicate an 
average fineness of 828 just above Iroa Creek, and 815 about a mile farther 
up. Nauti Creek, the next big tributary above, has not carried payable al- 
luvials except to a limited extent in a small upper tributary shedding from 
near the head of Iroa Creek, and in this creek gold over 890 fine was won. 
The lower portion of Nauti Creek cuts through sediments of the Otibanda 
series, and conglomerates within the series have been shown by boxing to 
contain fine gold. Higher up the valley near the margin of the lake basin 
coarser conglomerates occur, and these have undoubtedly contributed to the 
gold of the Upper Watut. The presence of gold in the conglomerates com- 
plicates the problem of its origin, as the drainage pattern at the time of their 
formation may have differed from the present system. It is known, however, 
both from the distribution and the fineness of the gold, that granodioritic 
sources have contributed largely. In addition, Oriabanda Creek, draining 
from a contact area of Lower Edie type porphyry at the west of Edie Creek, 
brings down gold 768 fine. The Upper Webiak Creek, draining from the 
same area and running parallel with Edie Creek to the Bulolo, carries gold 
792 fine. 

A small amount of Upper Edie gold, below 560 in fineness, is brought 
into the Watut by Kapoul Creek, which rises near the southern source of 
Edie Creek. In Hidden valley, near the head of the Watut, a local concen- 
tration of gold of grade consistently about 728 was found. This last occur- 
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rence is near the granodiorite-slate contact, but small porphyritic intrusives 
are also found in the vicinity, and it is not far from the Quombo Creek por- 
phyry, so that its origin may well be associated with that intrusive. All these 
known sources of gold in the Upper Watut valley are lower in grade than the 
average fineness just above Iroa Creek, and to counterbalance them the frac- 
tion shed into the river from conglomerate and other sources must have been 
of higher quality. This, of course, is to be expected, as the original source of 
most of this gold would be the granodiorite. 

Since the Watut is only payable below Iroa Creek, and both Iroa and 
Surprise Creeks contain gold of high value, it might be expected that an 


Bulwa dredging area looking from Baiune Road. Township is on the left, 
aerodrome in center and rock pile to the right at the end of which can be seen No. 3 
dredge. The valley of the Upper Watut River can be seen at the right, while the 
Bulolo enters at the extreme left, behind Bulwa Township. Photo by A. T. 
Simmons, Bulolo. 


immediate sharp increase in fineness would take place below their respective 
junctions with the river, which lie very close together. Actually only small 
increase is found, to 836 for the section down to Roaring Creek, and from 
there down to Slate Creek junction the average is even slightly less (834) 
in spite of the fact that the gold in Roaring Creek is 893 fine. These facts 
suggest that most of the gold in Roaring, Iroa and Surprise Creeks, particu- 
larly the first two, has been retained in the lower reaches of the creeks them- 
selves and not largely shed into the Watut River. The higher grade just 
below Surprise Creek reflects the probability that in recent times more gold 
than formerly has come in from this and from Iroa Creek. 

Downstream from Slate Creek junction the fineness of the Upper Watut 
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gold increases slightly to 836 in the first lease and 840 in the following series, 
with gold derived from high terraces along either side always slightly higher 
in value. The gold-bearing section of the Upper Watut flows across an area 
of comparatively low relief, occupied by the Otibanda Lake series, and the 
Watut, in cutting its way down to its present bed, has left many different ter- 
race levels, corresponding to former stream courses, at heights up to 300 
feet above the river. The higher terraces are seldom payable, but their 
presence is largely responsible for the workable deposits of the lower levels, 
and where terraces are absent, in the rougher country above Iroa Creek, and 
below the limits of the lake beds, the gravels have not been found profitable. 
The gold content in the terraces increases downward toward the present river 
level, as gold from the upper ones is constantly reworked and reconcentrated 
by later stream action. So low are the values in the higher deposits that only 
on the flats a few feet above the present river and in the river bed itself are 
payable runs of alluvial gold found. Many of these have furnished handsome 
profits. 

On leaving the sedimentary series the Watut runs through a steep-sided 
gorge in granite, and empties out again, once more at a flatter grade, on to a 
continuation of the Otibanda series. Few returns are available from this area, 
where the gold content of the alluvials is low, and the fineness ranges from 
825 to 835. High terraces lying opposite the Bulolo junction but belonging 
to the Watut River produced gold of fineness 827. The gold recovered by 
the No. 8 Dredge, which commenced digging just above the Bulolo-Watut 
junction, decreased in bullion value from 757 to 683 as the dredge moved 
away from the Watut influence up the Bulolo valley. 


Lower Watut River. 


No. 3 Dredge, operating over a considerable area just below the junction, 
and nearly always working to bedrock, has returned a fairly consistent average 
grade of 745 fine gold (Fig. 4), and No. 4, a similar dredge a mile or so down- 
stream, produced gold of grade 738. The inferences from these figures are, 
first, that the flats near the junction derived relatively more gold from the 
Upper Watut than those lower down, and, second, that of the total gold below 
the junction of the two rivers about three-fifths has come down from the 
Bulolo (667-677) and two-fifths from the Watut (831-840). When the gold 
in the vast flats of the Bulolo Valley above the junction is taken into considera- 
tion it becomes obvious that the Bulolo, including, of course, Edie Creek, is 
by far the more important source of the two. 

Below the limit of dredging operations the elevating plant of Sunshine 
Gold Development has produced gold 759.5 fine, and the next producer down 
slightly higher grade still, 766. This increase is only local and may be due 
to the influence of the Baiune, a large stream shedding from granite, though . 
not known to be gold-bearing, or may be caused by the entrance into the Watut 
from the left side. of small streams carrying higher quality gold derived from 
reconcentration of terraces on that side of the river, containing gold mostly 
brought down by the Upper Watut River. 

A mile or so below Sunshine the Watut is joined by the Snake River, a 
large barren tributary, and shortly afterwards enters a long tract of gorge 
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within which littie alluvial working has been possible. The few returns avail- 
able range from 750 to 755. Gold begins to be won again in appreciable quan- 
tities near Sonia aerodrome, and continues in those sections where workable 
terraces and flats exist, for the Watut is here a large and swiftly-flowing 
stream, at intervals right down to Maralinan, where the river spreads out onto 
wide alluvial flats, through which it flows to join the Markham River. The 
gold in the Lower Watut has, for the most part, travelled a long way—from 
the Wau-Edie Creek area or from the Upper Watut—the grains are usually 
small and flattened, and probably the effect of surface refining action (see p. 
480) is becoming appreciable, sufficient to raise the average fineness perhaps 
10 parts or more per thousand. The average of the Nos. 3 and 4 Dredges, 


No. 3 dredge at Bulwa. Photo by N. Lischeld, Bulolo, T. N. G. 


742, may be expected to represent closely the grade of the gold travelling down 
the river, so that the tenor of the Lower Watut gold—750 to 755—is about 
what might be expected. This gradual rise is shown graphically in Fig. 3. 
Otherwise the Lower Watut is mainly remarkable for the effect upon the gold 
fineness of small local sheds of granodioritic gold. These also are best illus- 
trated by the graph. Near Sonia aerodrome the gold fineness is 750.5 ; below 
it as far as Dunkel Creek the average is 756. Dunkel Creek has brought in a 
very small amount of high-grade gold; on the other side of the river the tribu- 
taries from Tambe to Subroar Creek shed from near a granodioritic stock also 
known to have introduced gold (a small reef formation has been worked 
close to its contact with the metamorphics, and gold in Libroar Creek, a tribu- 
tary of Subroar, was valued at 890 fine). The effect of these local additions 
is seen in the next few figures: Dunkel Creek to Roamer aerodrome 761.5, 
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Roamer 773, from Roamer to just below the mouth of Subroar Creek 787. 
‘ The fineness then decreases 767, 760, 758, after which the gold becomes dis- 
tributed over too great an area for alluvial workings to be any longer payable. 


e In Bitap Creek, which sheds from the same granodioritic offshoot as Dunkel 
Ss Creek, gold of grade 883 has been won, but its contribution has been too small 
e to have much noticeable effect on the alluvials in the Watut River (Fig. 3). 
e The Waim River, which flows into the Watut near its junction with the 
< Markham, also carried small amounts of granodioritic gold, 866. The highest 
y value gold on the Morobe field was won in a small tributary of the Wampit 
# River, averaging 935 fine. 

S, : Resumé of Gold Fineness on the Morobe Field. 


In the foregoing pages the location of the gold sheds within the Bulolo- 
Watut River system, the changes in gold fineness, and the probable causes 
governing these changes have been examined in some detail, but this has been 
necessary in order to establish definitely the geological associations of the dif- 
ferent grades of gold over a sufficient area for the results to be considered 
reliable. The following results have been established : 

1. The latest mineralization in the Edie Creek area, associated with quartz- 

biotite porphyry and with intense general metasomatism, produced gold, both 
in small stringers and in larger manganiferous lodes, of fineness about 530 
parts per thousand. 

2. Mineralization of apparently the same period in the Golden Ridges area 
introduced gold of rather higher grade, 620 or thereabouts. This applies 
equally to stringers in slate, lodes in breccia, and small sheds of gold in 
agglomerate. 

3. Certain other porphyries, such as that at the head of Merri Creek, be- 
longing to this general period of intrusive activity, but which may be contem- 
poraneous with or slightly earlier than the main Upper Edie biotite-porphyry, 
are associated with gold of value 550 to 570. 

4. The earlier, deeper-seated porphyries of the Lower Edie type introduced 
gold of fineness 730 to 790, maximum range 650 to 800. 

5. Gold derived from granodioritic sources is very consistently 860 to 890 
in value. 

6. The total range in mixed parcels is 460 to 935, and probably individual 
fragments of gold could also be found assaying over almost the whole range, 


sie but the vast majority fall into one definite category or another. 

. From these results the proportions of gold contributed by the different 
ola parts of the valleys have been deduced, and the relative importance of the dif- 
ina: ferent intrusives as sources of gold mineralization ascertained. It has also 
lite been shown that refining of gold by stream action has had little effect on the 
fineness of gold from the alluvial workings, all appreciable changes in fineness 
“i being traceable to the effect of fresh accessions of different quality gold. Old 
ies terraces and conglomerate beds commonly contain gold a few points higher in 


ed grade than adjacent stream beds or flats, but it is seldom possible to determine 
; whether this is an effect of residual enrichment by removal of silver or whether 
it is merely due to the proportion of higher grade components having been 
15, higher at the time of their deposition. In some cases this latter condition is 
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known to have had some influence; nevertheless the suggestion persists that 
the fineness of gold in the older deposits has been slightly increased in situ, 
probably due to the favorable conditions for leaching which exist in such 
gravels. 

Other Districts. 

Gold production in New Guinea outside the central part of the Morobe 
field has not been large, the Sepik district being the principal producer with 
about 39,000 fine ounces up to the end of June, 1941. 

At Kila, only a mile from Salamaua, low grade gold, from 660 fine, has 
been found at the head of a small stream, and in the same area returns up to 
900, typical of granodioritic gold, are obtained, as well as intermediate figures 
presumably due to mixtures of the two types. The contact of the Morobe 
granodiorite batholith is not far distant, but sufficient detailed geological work 
has not been done to determine whether minor intrusives may be responsible 
for the low quality gold or whether the Kila returns represent an extreme 
variation of the granodioritic type. Similarly a rather vague series of small 
returns from the Buangs area on the northern margin of the granodiorite near 
the head of the Bwussi River ranges from 631 to 805. 

Waria River Valley —The Waria River valley ° furnishes on a small scale 
a similar set of returns to those of the central Morobe field, except that the 
later Tertiary mineralization is not represented. The area from which nearly 
all the gold is shed lies toward the head of the Ono River, where a series of 
porphyritic bodies intrudes the slate, schist and limestone of the Kaindi series. 
These porphyries are similar in every respect to the Lower Edie type. Only 
a little gold, fineness 750, has been found near the porphyries, where the 
streams rush through steep gorges, and the principal alluvial workings are just 
below the point where the Upper Ono empties through a narrow gate-like 
opening into the Middle Waria valley?) Here the gold averages 760 fine, very 
similar to that of the Lower Edie and corresponding areas. Other workings 
at Juni on the Waria River have returned gold of fineness about 780. Most 
of this has come from the Upper Ono, which once joined the Waria opposite 
the mouth of the Upper Ono gorge. The increase in fineness is due to a 
proportion of higher grade granodioritic gold being shed in from the left side 
of the Waria, where an extension of the Morobe batholith is known to out- 
crop. The presence of this high-grade gold has been confirmed by assay of 
individual nuggets, some of which returned a value of 866, typical of gold of 
this origin. Gold at Assama, some 17 miles farther down the river, averages 
788.5 fine. 

Upper Ramu.—The gold-bearing area at the head of the Ramu and Purari 
Rivers has not been mapped in detail, but a preliminary examination has 
shown that the different grades of gold represented there have characteristic 
associations. The most important stream is Yonki Creek (Fig. 5) which 
has been richly productive, the returns from 3,307 ounces averaging 910.0 fine. 
The gold comes from an area of metamorphics, intruded by granodiorite which 


6 Fisher, N. H.: T. N. G. Geological Survey Report on the area between Wau and Garaina, 
Waria River. 
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is in every way comparable with the Morobe batholith. A distinctive feature 
is the association of gold with magnetite, similar to the Tennant Creek occur- 
rences in Central Australia. Visible gold can often be found in boulders of 
magnetite up to several feet in diameter. 

Barola Creek, a tributary of Ornapinka Creek, returned an even higher 
quality gold, 929.5, from a similar environment to that of the Yonki Creek 
gold. Ornapinka Creek itself, the stream second in importance in the Upper 
Ramu area, has returned an average fineness of 802 from a mixture of dif- 
ferent types of gold. Efontera Creek, next to Ornapinka, produced gold only 
749 fine, the origin of which has not yet been traced. A biotite-hornblende- 
andesite plug occurs in this area, composed of material comparable to the Edie 
porphyries and volcanics, and the origin of the low grade gold may be associ- 
ated with its intrusion. 

An intermediate grade .of gold, generally 830-860, is found in several 
places throughout the area, principally on the Dunantina, at the head of the 
Purari River. It is associated with bodies of diorite, sometimes of quite ap- 
preciable size, intrusive into Miocene sediments. 

Mt. Hagen.—Two small streams near Mt. Hagen carried payable gold de- 
rived from small stringers in Cretaceous mudstone, shale and tuff.’ Small 
diorite sills, intrusive into the Cretaceous strata, may be related with the origin 
of the gold, which averages 753 fine. The type of occurrence may be corre- 
lated in a general way with that of the Lower Edie and the Ono River. 

Sepik District—The gold of the Sepik (Wewak). district * comes mainly 
from streams shedding from either side of a section of the divide between the 
Sepik River and the sea (Fig. 5). Almost the whole of the alluvial gold is 
derived from the breaking down of coarse conglomerates lying at or near the 
base of Pliocene or, in places, earlier sediments. The initial origin of the gold 
is probably connected with the intrusion of granitic and dioritic masses into 
the old basement rocks which outcrop in places along the divide, and the type 
of occurrence is comparable with that of the granodioritic gold of the Morobe 
district, though not necessarily of exactly the same age. Its fineness ranges 
from 837 to 931, averaging 924, and nearly all the gold won is close to this 
average, which is represented in the Morobe district by the Wampit area, and 
Yonki and Barola Creeks in the Upper Ramu section. 


CAUSES OF VARIATIONS IN GOLD FINENESS. 
Alluvial Gold. 


It has long been generally accepted that alluvial gold in any given area is 
of higher fineness than the reef gold from which it was derived. This is no 
doubt commonly true, but the processes involved may not be generally appreci- 
ated. The breaking up of a reef outcrop, the shedding of the contained gold 
down the adjacent slopes and finally into and along the stream bed, are all one 


7 Fisher, N. H.: T. N. G. Geol. Survey Report on the Benembi Plateau, Mt. Hagen (un- 
published). 

Noakes, L. C.: T. N. G. Geol. Survey Report on the Chimbu-Hagen Area. 

8 Fisher, N. H.: T. N. G, Geol. Survey Report on the gold-bearing area of the Wewak 
District. 
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continuous process, and there is no definite stage at which the fineness of the 
gold suddenly rises several points. Discrepancies in many of the published 
figures are due to various causes. In the first place, the fineness of mine gold 
is usually obtained from battery returns, and the cleaning-up processes in- 
volved necessarily introduce base metals, mostly copper, and possibly some 
silver into the bullion. The bullion fineness, therefore, cannot be directly 
compared with that of the alluvial gold, which is usually recovered fairly pure, 
unless the effect of introduced base metal be allowed for by recalculating the 
true fineness to a standard basis, either allowing for the normal content of the 
base metal in the gold as revealed by unadulterated samples, or, as is more 


convenient and accurate, working out in each case the ratio pa In 

Au + Ag 
the Edie Creek area the average gold and silver values of the bullion from the 
batteries of Day Dawn and New Guinea goldfields respectively are 522.6/457.4 
and 505.4/441.0, from which true finenesses of 533.0 and 534.0 are calculated, 
corresponding very closely to the fineness of the alluvial gold from the area 
associated with the Upper Edie biotite porphyry, with which the Day Dawn 
and the Edie Lodes are also considered to be connected. 

Other factors not always adequately allowed for are that different methods 
of ore treatment have different effects upon the bullion, and that amalgamation 
is the only process which can be relied upon to return a close approach to the 
true bullion value of the gold. Even this is not trustworthy when native silver 
is present in the ore, as for instance in some of the mines at Croydon, Queens- 
land. (Day Dawn itself is not free from suspicion in this respect, as native 
silver has been found in small quantities in the mine and may have been re- 
sponsible for some of the bullion values occasionally obtained.) Cyanidation 
dissolves many silver minerals, with the result that cyanide bullion is nearly 
always of much lower grade than the actual gold fineness except where the only 
silver in the ore is that alloyed with the gold. Gravity methods of concentra- 
tion will nearly always separate out with the gold other heavy minerals pos- 
sibly carrying silver. 

There are three sets of figures to be taken into account in considering the 
gold-silver proportion in any orebody: (1) The true gold-silver ratio as deter- 
mined by assay, which embraces the total gold and silver contents of the ore 
in whatever mineral form they may be present. (2) The crude bullion value 
or the proportion of gold and silver recovered by whatever milling processes 
may be employed. (This ratio of gold and silver in the mill production is the 
one most usually recorded. Many milling plants produce different grades of 
bullion, one from amalgamation and one from cyanidation or other methods. 
These are sometimes quoted separately or they may be combined.) (3) The 
third figure is that with which the present discussion is concerned, the true 
fineness of the natural gold-silver alloy as it occurs in the lode. These dis- 
tinctions are unfortunately lost sight of in many geological reports, and the 
difficulty of obtaining adequate figures has been a severe handicap in attempt- 
ing to make comparisons between the Morobe Goldfield and regions in other 
parts of the world where similar geological conditions prevail. 

Another important factor often contributing to the impression that finer 


q 
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gold is obtained in alluvial workings than in the lodes from which it has been 
derived is the possibility that secondary enrichment may have taken place. 
Gold of higher fineness may have been redeposited in the oxidized zone, or 
the silver partly leached from the outcrop ore. There may be little difference 
in the fineness of the alluvial gold from that of the outcrop, but an appreciable 
difference from the bullion value of the mine as a whole, including the lower 
levels. If the alluvial gold be compared with gold of the unoxidized zone 
only in a lode where secondary enrichment has taken place, the discrepancy 
may be even more marked. 


Surface Refining Action. 


Another cause for the acceptance of the idea that alluvial is always of 
higher fineness than reef gold is the also well established fact that alluvial gold 
does increase in fineness with distance from its source, and so naturally the 
average fineness of the alluvial gold will be higher than that even of the reef 
outcrop. This principle of increasing fineness of alluvial gold with distance 
from its source is mentioned by Maclaren ® when discussing the origin of allu- 
vial deposits, and he points out that the fineness is proportional to the grain 
size, and therefore to the distance travelled. Smith’s ’° study of the fineness 
of gold in the Fairbanks region of Alaska illustrates the nature of the altera- 
tion downstream remarkably well, as does Ferguson’s 4 te as of the 
Manhattan placers (Fig. 6). 

The manner in which this alteration in fineness downstream has taken 
place has usually been assumed to be a leaching of the silver from the surface 
of the grains and nuggets, leaving them relatively enriched in gold. The in- 
vestigations of Dr. M. S. Fisher,’* carried out mainly on a collection of 
samples of alluvial gold from the Morobe goldfield of New Guinea, appear to 
have established that actually both the gold and silver are dissolved by a sort 
of corrosion process, and that the gold is immediately reprecipitated as a film 
of fine gold on the surface of the nugget. Dr. Fisher’s conclusions, derived 
from microscopical study, with regard to the origin of the gold in the Morobe 
field, are borne out in all general essentials by field observations, and the re- 
sults of his studies have been of the utmost value during the present investiga- 
tion. 

The presence of the film of fine gold on the surface of the nuggets is often 
very noticeable in the New Guinea alluvial gold, so much so that a visual 
examination of gold of low tenor frequently gives an erroneous impression 


of its fineness, and a broken surface will be found to be a much paler color. ' 


Dr. Fisher estimated that this superficial coating of fine gold averages about 
.002 mm. thick and that the individual grains comprising each nugget, as- 
suming it to have a granular structure, would be coated by .001 mm. thick- 


® Maclaren, J. M.: Gold: its geological occurrence and geographical distribution. 

10 Smith, P. S.: The fineness of gold in the Fairbanks District, Alaska. Econ. GEot., 
vol. 8, no. 5, 1913. 

11 Ferguson, H. G.: Geology and ore deposits of the Manhattan District, Nevada. U. S. 
G. S. Bulletin 723. 

12 Fisher, M. S.: The origin and composition of alluvial gold, with special reference to 
the Morobe Goldfield, New Guinea. Bull. Inst. Mining and Metallurgy, February, 1935, No. 
365. 
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ness. On these figures he calculated that nuggets or flakes of alluvial gold 
of thickness .1 mm. or more, made up of grains of .1 mm. diameter, would be 
enriched by this process by 10 parts per thousand if the original fineness of the 
metal were 600, or by 5 parts if the original fineness were 800. Small par- 
ticles or grains .1 mm. thick, just small enough to be referred to as dust, would 
be enriched 30 parts per thousand if the original fineness were 600, and on the 
same basis very fine dust might be enriched more than 100 parts. 
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The same principle, namely, that it is only a comparatively shallow zone 
of the gold particles that can be affected by refinement, applies whether the 
refinement is due to simple leaching of the silver or to the solution of both the 
gold and silver accompanied by redeposition of fine gold, as the microscopic 
evidence indicates, and the smaller the grain size the greater will be its effects. 
From this it follows that the rate of enrichment in any stream will depend on 
the size of the grains that can be transported, which in turn will be governed 
by the rate of fall of the stream. Very fast-flowing streams, like those in 
New Guinea, with a fall varying from 50 feet to over 1,000 feet per mile, and 
subject to heavy floods, are capable of transporting for indefinite distances 
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all but the coarser nuggets, and grains small enough to be referred to as dust 
are mostly carried out to sea or onto the wide flats nearer the river mouths. 
Little that would be greatly affected by refining action is retained in the 
alluvials. On the other hand, a stream with a very gentle gradient, unable 
even in flood to move anything but fine gold, will show a fairly sudden in- 
crease in the value of the gold within a comparatively short distance; and a 
stream of moderate fall which effectively sorts the gold, depositing progres- 
sively finer fractions with distance downstream from its source, will show a 
fairly regular increase in gold fineness. 

In addition to the variations due to topography and to the grain size of the 
gold, other factors which introduce difficulties into comparisons between dif- 
ferent districts are: first, differences in prevailing gold fineness, for low grade 
gold will naturally show a much greater increase in fineness than gold which 
is already of high value; and, second, the length of time during which the gold 
has been exposed to refining action ; and, third, the climatic conditions obtain- 
ing. Further difficulties in the way of establishing a normal rate of increase are 
due to the fact that the gold is seldom derived from a single source, but many 
different grades may be shed in at different points, as on the Morobe goldfield, 
and, as explained by Smith, in the Fairbanks District, Alaska. From Smith’s 
figures the average increase due to stream action only seems to be about 12 
parts per thousand per mile. Ferguson’s results for the Manhattan Gulch, 
where the average fall of the stream is 176 feet per mile and the gold just over 
700 fine, indicate an increase of 7.8 parts per mile. In Alder Gulch, Dillon 
Quadrangle, Montana," the gold fineness increases from 830 to 865 in three 
miles, 11.7 parts per mile. High-grade gold in Adelong Creek,’* New South 
Wales, shows naturally a smaller increase as follows: 


Distance from Source Gold Fineness Nature of Gold 
5 miles 936.8 . Rough nuggety 
8 miles 946.4 Small nuggety, water-worn 
11 miles 948.6 Fine granular 
25 miles 948.6 Fine scaly. 


The foregoing examples are sufficient to show the general nature of the 
increase in gold fineness as it travels downstream and to indicate that most 
of this increase-is a direct reflection of the smaller size of the grains, which 
expose a relatively greater proportion of their bulk to refining action than do 
the larger grains. It is of interest to note here a possible application of this 
increase in gold fineness with distance from its source to the much debated 
question of the origin of the gold in the Rand conglomerates. According to 
Sharwood *° the fineness of the gold in the Rand mines increases as follows 
from east to west : 865.8, 884.0, 870.6, 926.0, 912.0, 924.0, 970.0. This set of 
figures is similar to those shown by the fineness of gold on alluvial fields with 
dispersion from its source. Many gold lodes, formed earlier than the Wit- 
watersrand Series, exist to the east, northeast, and north, so that if the placer 


13 Winchell, A. N.: Mining districts of Dillon Quadrangle, Montana. U. S. G, S. Bulletin 
574. 

14 Mineral Products, 1882 Edition, New South Wales. 

15 Sharwood, W. J.: Analyses of some rocks and minerals from the Homestake Mine, 
Lead, South Dakota. Econ. Geor., vol. 6, no. 8. 
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gold were originally derived from lodes similar to these its fineness would be 
expected to increase to the west. Original differences in gold fineness or 
other causes may, of course, have been responsible for the variation, but it 
seems that a study of the distribution of gold fineness on the Rand in con- 
nection with the direction of origin and the probable distance travelled by 
the boulders of the conglomerates might furnish valuable information with 
regard to the source of the gold. 

. With regard to the possible effect of stream refining action on the Morobe 
field, M. S. Fisher has shown that practically all the alluvial gold, even from 
the Upper Edie, carries a coating of fine gold, so that the variation in fineness 
due to this cause will be purely a function of the size of the grains. This 
paper deals mainly with alluvial returns, .and few alluvial miners have the 
necessary apparatus to recover fine dust such as would show a large increase 
in grade due to surface refinement. It has already been pointed out that most 
of this fine gold would have been carried down farther by the force of the 
swiftly-flowing streams. In any case with muddy water it is very difficult to 
recover in alluvial workings much of that fraction of the gold which would 
be classified as dust, and the greater bulk of the gold obtained is in pieces 
of appreciable size, though generally flattened to the familiar flaky form. In 
the Edie itself the gold is mostly comparatively coarse, but lower down the 
Bulolo and in any region shedding granitic gold fine grains and dust become 
more abundant. On the whole, of the gold recovered from alluvial workings 
it is seldom likely that superficial refining action could have amounted to more 
than a possible maximum of 20 or 30 parts per thousand, and in nearly all 
cases would be very much less, if appreciable at all. A local concentration of 
a particular fineness of gold, due to an addition of gold of that quality operat- 
ing for a limited time, may affect the average value of the recovery from any 
individual workings between wider limits than those due to refinement. 

The Black Cat-Bitoi River area constitutes an exception to the general rule 
on the Morobe field as it contains gold of granodioritic origin not contami- 
nated by any other source, though probably fresh gold is shed into the streams 
at least as far down as their junction. Returns over four and a half miles 
of the Black Cat Creek and the Bitoi River are shown in Fig. 6. The varia- 
tion is small, with a very slight increase downstream, the last figure being 
low because it is due to the recovery of coarser gold from the river bed. The 
principal variation observed in the Black Cat-Bitoi area is that the fine- 
ness of gold of the high terraces of a former and less turbulent period of 
deposition ranges from 882 to 886, about ten points higher than the corre- 
sponding returns from the present stream beds. On the same graph, Fig. 6, 
are shown the increases in the bullion fineness of two typical creeks (Pedro 
and Cleary) in the Fairbanks District, Alaska, plotted from Smith’s figures, 
and of the Manhattan Gulch, as described by Ferguson. 


Alluvial History. 


The other principal cause, apart from surface refining action and differ- 
ence in origin, of variation in alluvial gold fineness at any place is what may 
be referred to as its alluvial history. In following up the fineness distribution 
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at various points along the streams, comparisons can only be made, par- 
ticularly if the gold is obtained from a relatively limited set of workings, if 
conditions during the present erosion cycle have been more or less constant, 
and the rate of shedding gold from each area equally consistent. This, of 
course, is not always so, and one case has already been described, in the 
Lower Edie Creek, where an increase in the average grade of 655 lower 
down stream to 671 took place just below the main shed of the Lower Edie 
type gold, due to a local recent accumulation. . 

In an ideal case, if high-value and low-value gold were being shed into a 
stream at different times, terraces left at one level would contain one type, 
and lower ones another type. The fineness of gold in the present stream bed 
would depend on the relative amounts from each source recently contributed 
to the stream. These considerations may modify the conclusions that can be 
drawn from the distribution of the gold fineness, particularly where only small 
differences are involved, but they have been allowed for as far as possible in 
studying the fineness distribution of the Morobe field. When large amounts 
of gold are involved, as with the dredges (Fig. 4), such variations are small, 
but they may be considerable where only small returns of gold are being won. 


Relation to Conditions of Deposition. 


The study of the fineness of the gold on the Morobe field shows that the 
earlier the period of deposition the higher the tenor of the gold. This has 
been proved by consideration of the gold fineness distribution in relation to 
the intrusives and it is also confirmed by M. S. Fisher’s description '* of a 
hugget in which gold of lower fineness is deposited around, and in veins 
running through, earlier higher grade gold. Yet although this relation exists 
for Morobe field and others, it is impossible to believe that there is any in- 
herent connection between the mere age of the deposit and the fineness of its 
gold, and the true cause must be sought in some underlying relationship de- 
pendent or partly dependent on the age. The two factors which might be 
most likely to affect gold fineness are the relative concentration of gold and 
silver in the ore-bearing solutions and the physical conditions of deposition. 
It has been shown that under laboratory conditions most minerals that 
precipitate gold are also precipitants of silver, with the exception of galena, 
pyrite, stibnite and millerite, and it is difficult to find evidence, particularly 
with regard to epithermal deposits, that the mineral association has been a 
prominent factor in determining the gold fineness. The relative concentra- 
tion of gold and silver, which does not appear likely to be dependent upon the 
age of the deposit, would always be expected to be effective, but the resulting 
gold fineness would also depend upon what other elements were present to 
combine with the silver and occasionally the gold. On account of its lower 
solubility it would be expected that gold would be precipitated first. 

It is a commonplace fact in assaying that gold and silver in their molten 
condition will form an alloy in any proportions. Yet in nature, no matter how 
great the concentration of silver, it does not seem to alloy with gold in much 


16 Fisher, M. S.: Op. cit. 
17 Palmer, C., and Bastin, E. S.: Precipitants of gold and silver. Econ. Gerot., vol. 8, 1913. 
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more than equal parts by weight. Extensive search has been made through 
the literature, but no authenticated case has been found of gold, or more 
strictly electrum, occurring naturally with a fineness less than about 450 
parts per thousand. Bullion from amalgam of lower grade, as from Croydon, 
Queensland, has been reported, and also even low-grade gold from placers, 
as in the early Comstock alluvials, but in all these cases the low bullion value 
has been due to the presence of native silver or other assimilable silver 


minerals. 


Within the Morobe district silver is everywhere comparatively abundant, 
the silver-gold ratio of the ores being seldom less than 6/1. The obvious 
inference here is that the gold fineness is governed by the physical conditions 
under which the ore was deposited, the fineness increasing with depth from 
the surface, which also increases with the age of mineralization. It has al- 
ready been pointed out that owing to the generally similar chemical and 
mineralogical environment in which the lodes were formed, and the re- 
markably constant character of the igneous magma associated with the origin 
of the ore-bearing solutions, the Morobe district offers exceptional oppor- 
tunities for studying the causes of variations in gold fineness at different 
geological horizons. The habit of gold occurrence is also favorable to the 
formation of conclusions on this point, for, since it occurs largely as coarse 
gold in small rich stringers, the gold must still be in much the same condi- 
tion as when it was originally deposited, and such considerations as secondary 
enrichment, or redeposition, are eliminated. The granodioritic gold, which 
occurs seldom more than a few hundred feet distant from the granite con- 
tacts, must have been injected under conditions of fairly high temperature 
and pressure, and is by analogy with other similar auriferous provinces else- 
where classed among the mesothermal deposits. Reef formations of this 
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origin in the Morobe district are uncommon, so that the mineral associations 
of the gold are not well known. In the few small reefs that have been found, 
pyrite, galena, sphalerite, stephanite, hematite and magnetite have been recog- 
nized, always in quartz gangue. The Lower Edie type porphyry, with its 
intermediate grade of gold, represents an intermediate type of intrusive which 
forced its way into the phyllite and schist at some depth below the surface. 
Small heavily mineralized quartzitic lenses are occasionally found near the 
contact of the porphyry, and carry abundant pyrite, often well crystallized, 


galena and sphalerite, as well as occasionally chalcopyrite and bornite. 


The 


later porphyries were quite obviously intruded near the surface; and their 
close connection with the volcanic outbursts, the epithermal mineral char- 
acter of the larger lodes associated with them, and their very recent age, 
probably late Pliocene or even early Pleistocene, are further proofs that their 
gold veins were deposited under near-surface conditions. It is probable that 
the lodes of the Golden Ridges area, though most likely contemporaneous 
with those of the Upper Edie area, were formed at greater depths below the 
surface. The evidence which suggests this is partly physiographic and partly 
geological. The Golden Ridges orebodies lie very close to the bottom of 
what has been a thick deposit of volcanic breccia, in fact in many places the 


boundary of the phyllite and breccia marks the lower limit of the ore. 
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general mineral assemblage of the Upper Ridges ore bodies is indicative of 
somewhat deeper-seated conditions. Finally, lying as they do on the steep 
northeast slope of Kaindi at a maximum height above sea level of 5,500 feet 
at the highest outcrop, the amount of overlying material removed by erosion 
here would be greater than that from the top of Kaindi where the soft mud- 
stone is protected from excessive erosion by bars .of hard rock on all sides. 
The elevation of the Edie and Day Dawn lodes is mainly from 6,400 to 7,000 
feet, an average of nearly 2,000 feet above the orebodies of the Ridges sec- 
tion. The fineness of gold in the Ridges orebodies is a little in excess of 
600, compared to an average of 550 for the Edie and Day Dawn lodes. 
Furthermore, in calcitic ore found below No. 3 level in part of the Edie mine, 
several assays showed a gold fineness of 650, corresponding to that of the 
Ridges lodes, to which the material is similar. 

The foregoing facts strongly support the hypothesis that temperature and 
pressure, dependent upon the depth below the then surface of the horizon of 
ore deposition, have been the principal factors governing the proportion of 
gold and silver in the bullion. The alkali sulphide theory of gold deposition 
provides an explanation of the mechanism by which a high-grade alloy is 
deposited under conditions of high temperature and a lower grade alloy at 
lower temperatures. According to Smith,’* precipitation of the metallic con- 
tent of such an alkaline sulphide solution tends to take place when the sulphide 
concentration of the solution is sufficiently reduced. Also silver sulphide is 
much more soluble in alkali sulphide solution at high than at low tempera- 
tures. Consequently if the sulphide concentration is lowered under high 
temperature conditions the silver will remain in solution while gold is pre- 
cipitated. But if this occurs only at low temperatures, as in epithermal 
deposits, the diminished solubility of the silver at that temperature will 
cause it to be precipitated with the gold as electrum, 


Changes in Fineness within the Lodes. 


Before discussing other areas, affects to which lode gold is subjected be- 
fore it reaches the alluvial deposit will be considered, in order to ascertain just 
what reliance can be placed upon the value of gold being shed from the out- 
crop when investigating the original conditions of deposition of the gold in 
the lode, for in many areas gold fineness figures are only available from the 
alluvial workings or from special portions of the lode. It is at once evident 
that gold still within the lode can be subject to a great number of variations 
in its chemical environment, according to the mineral constitution of the ore, 
compared with which the processes to which alluvial gold is subjected after 
removal from the outcrop are comparatively constant. That is to say, while 
alluvial gold shed from any particular reef outcrop corresponds closely, apart 
from the effects of a little refining action, to the gold in that outcrop, it by no 
means necessarily represents the gold initially deposited by the original ore- 
bearing solutions. Changes which occur in the condition of the gold during 
processes of oxidation and secondary enrichment are seldom easy to trace, 


18 Smith, F. Gordon: The alkali sulphide theory of gold deposition. Econ. Grot., vol. 38, 
no. 7, 1943. 
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due usually to lack of adequate records. An experimental attempt has been 
made to follow the variations of gold fineness at vital places in the lodes of the 
Wau-Edie Creek area by collection and assay of large representative samples. 
These were crushed, concentrated by panning, and the concentrates ground 
with mercury for about an hour; the mercury was then separated and the gold 
assayed. Pyritic samples were treated in the same way and the concentrates 
were then roasted and re-treated. The results obtained are incorporated in 
the following descriptions of the various lodes. 

In all the lodes of the Edie Creek area, the fineness of the gold recovered 
averages very much the same, about 530 parts per thousand. The lodes of the 
long system beginning at Day Dawn South, and extending in a generally 
northwest direction through Surman’s vein, Edie lodes Nos. 1 to 5 and 
Karuka lode to the Enterprise reefs, have generally similar characteristics 
near the surface, though in depth wide variations occur. They are all highly 
manganiferous in the upper portions, and the outcrops consist of black man- 
ganese wad with quartz crystals interspersed through it. The gold content 
decreases with depth from the surface, and the silver generally even more so. 
Silver/gold ratio is high, especially in the oxidized ore. It is seldom less 
than 10/1 and often in excess of 100/1. The common gangue is quartz with 
manganese oxides prominent near the surface. Calcite is present in notable 
quantities only in the Edie No. 1 lode below the No. 3 level. 

Day Dawn South—The main Day Dawn Sout’. lode is an entirely oxi- 
dized small orebody, contained in mudstone partly along the contact with a 
small porphyry intrusion. The payable portions of the lode have been en- 
tirely worked out, the ore being treated by direct cyanidation without crush- 
ing. Cyanide bullion from the main lode only averaged 917.9 parts of silver 
and 31.2 parts of gold per thousand, a silver/gold ratio of nearly 30/1. Any 
coarse gold present was recovered by boxing the tailings. Most of the gold 
was fine grained, concentrates seldom showing pieces more than .5 mm. in 
diameter and averaging less than .1 mm. 

The most interesting occurrence at Day Dawn South from the point of 
view of the present investigation is the No. 2 lode, a narrow manganiferous 
vein contained in porphyry and carrying about two ounces of gold per ton 
and generally slightly less silver, in sharp contrast to the main lode with assay 
values of 1 to 114 ounces of gold and over 100 ounces of silver per ton. When 
ore from this lode was included in the mill heads the average silver/gold ratio 
of the bullion dropped from 30/1 as above to 4/1. The fineness of the gold 
however in each vein was determined by assay to be practically the same, the 
No, 2 vein running only a few points higher than the No. 1. The extreme 
difference in the silver content of the two lodes, which must to some extent 
at least reflect primary variation, has had little effect on the fineness of the 
gold, showing that in this case the concentration of silver has been of far 
less importance in controlling the fineness than the other conditions of deposi- 
tion. It is certain that much of the gold is either secondarily deposited or else 
residual from the original ore. The strongly manganiferous environment is 
suitable for solution of gold, the original ore is quite broken up and oxidized, 
and the distribution of the gold indicates that secondary enrichment has played 
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an important part in the arrangement of values. Whether the low silver in 
No. 2 lode is a primary feature or not, in either case the inference is similar. 
If it was primary, then, under the conditions obtaining, gold of similar fine- 
ness was deposited by solutions with a high-silver and with a low silver con- 
tent. If it was secondary, the redeposited gold combined with sufficient silver 
to give a low-grade alloy before the rest of the silver was removed. 

Many geologists claim that gold dissolved out of the upper portions of an 
orebody by percolating waters and deposited elsewhere will be of greater fine- 
ness, because the silver is more rapidly dissolved and is taken away in solu- 
tion. Some even take it more or less as a matter of course that any gold dis- 
solved will be redeposited as fine gold. No doubt an increase in value has 


‘ often taken place. Many examples could be quoted. Fiji, Mt. Morgan and 


Cracow, Queensland, the Simau Gold Mines, Sumatra, and several others will 
be mentioned later. 

In an investigation *° of the relative fineness of vadose and deep vein gold 
the following figures were collected. 


Average Fineness Average Fineness in 


Locality at Surface Unoxidized Zone 
Tipperary Sunrise Mines, Otago, N. Z................-. 946.2 942.9 


It has been shown by M. S. Fisher that alluvial gold undergoes refining 
by solution of gold and silver and redeposition of the gold. Reef gold would 
be expected to be affected by the same process, especially as it is open to at- 
tack by chemically active solutions, and in any case, where fine reef gold is 
concerned, particularly in epithermal deposits characterized by small grain 
size, the silver would easily be dissolved out and the residual gold thereby 
enriched in quality. With regard to the gold actually carried away in solu- 
tion with the silver, the fineness of the reprecipitated gold would be influenced 
by the chemical conditions, the quantity of silver, and the opportunities which 
exist for the silver in solution to be entirely removed before the gold reaches 
the place where reprecipitation takes place. 

In New Guinea where conditions are ideal for solution and redeposition of 
gold, there is seldom any appreciable increase in fineness in gold which may 
be assumed on very good grounds to be partly of secondary origin. The ex- 
planation may lie in the similarity of conditions within the zone of oxidation 
to those of original deposition. The Edie Creek lodes were formed close to 
the surface at low temperature and pressure, and an abundance of silver was 
available. Consequently gold redeposited from solution at a water level de- 
scending with erosion appears to have retained practically its original char- 
acter, due apparently to the excess of silver in the solutions, though residual 
gold of higher fineness may have been left nearer the surface. 

Edie and Karuka Lodes.—Of the Edie lode system, Edie No. 1 lies within 
the biotite porphyry near its southern margin, all the rest in mudstone, and 


19 Relative fineness of vadose and deep vein gold. Aust. Inst. Mining Engineers. 
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they are separated from each other by a series of faults that strike and dip 
generally parallel with the lodes but which cut them off at the ends obliquely. 
Edie No. 1 and No. 2 lodes most likely occupy the same ore channel, slightly 
displaced by the faulting. Karuka lode, of similar strike, lies some half a 
mile to the north (Fig. 1). No. 5 lode is a smaller vein, on the hanging wall 
of No. 1 at its western end, actually in a faulted block between No. 1 and 
No.2. No. 1 lode is 700 feet long on the surface and 1,100 feet on No. 5 level, 
300 feet lower. Average width is 4 feet. No. 2 lode is larger, 1,500 feet in 
length (Fig. 7) and 5 feet wide. It cuts out at one end against the quartz 
porphyry which contains the No. 1 lode, and is limited at the other end and 
in depth by one of the principal faults. Karuka lode is 1,100 feet long, 15 
feet wide in the middle and tapering toward both ends. 


FIGURE 7. 
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Fig. 7. 


The composition of the lodes is generally similar, particularly in the oxi- 
dized portions. The dominant minerals are quartz and oxides of manganese, 
and the ore is nearly always conspicuously banded, clearly indicating deposi- 
tion from successive solutions, obviously under low temperature and pressure 
conditions. Vugs are common, with well-formed quartz crystals, particularly 
in No. 1 lode. The various bands differ in composition in the proportion of 
quartz and manganese minerals. In places massive pyritic quartz is present. 
The minerals that have been recognized in the unoxidized ore include quartz, 
pyrite, sphalerite, tetrahedrite, chalcopyrite, galena, bournonite, calcite, steph- 
anite and argentite, and were deposited approximately in that order. 

The best gold assays in the manganiferous ores are associated with sugary 
quartz, and highly ferruginous material also often carries good values. In 
the calcitic ore the gold is associated with disseminated sulphides, of which 
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pyrite is the most abundant. The gold content decreases in depth in the 
manganese ores, but not, so far as shown by present exploration, in the calcitic 
ore. The silver decreases in depth even more rapidly than gold and its distri- 
bution shows a close relation with the manganese content of the ore. Caron 
and Clevenger’s *° work indicates that in such an environment the silver exists 
largely as an intractable silver manganite, and, in confirmation, milling tests 
of the Edie manganese ore led to the impression *! that most of the silver con- 
tent occurred originally in the form of a mineral similar to samsonite (2Ag.S. 
MnS.Sb,S). Less than 40 per cent and as little as 10 per cent of the silver 
is recovered in the mill, which combines amalgamation with cyanidation. 

At the surface in No. 2 lode there is a zone which extends downwards as 
much as 80 feet, from which leaching of silver has taken place, and in which 
the average silver content is considerably lower than in the enriched zone im- 
mediately below. Silver content of the calcitic ore is usually lower than in the 
manganiferous portions and decreases in depth, although the gold increases. 
The silver/gold ratio therefore decreases rapidly. Nos. 1, 2 and 5 lodes carry 
a similar silver content but the Karuka lode is much lower, and also slightly 
poorer in gold, or at least more uniform and lacking in the high values found 


TABLE 3. 
GOLD AND SILVER CONTENT OF THE EDIE LODES ON DIFFERENT LEVELS. 
Reduced Average Depth Gold, Silver, Ag/Au 
= be Level Below Surface ozs, per ton ozs. per ton | Ratio 
| | 
No. 1 Lode. 

6645’ | 150/ .60 25 | 42/1 
6535’ | 260’ 55 | 20 36/1 
6442’ | 353’ 69 10 } 15/1 

No. 2 Lode. 
NG 6810’ Up to 150’ 46 25.9 56/1 
| 6725’ 80’ to 235’ 46 19.2 42/1 
6670’ 135’ to 290’ 35 12.3 35/1 
No. 4 & 450’... | 6594’ & 6533’ 270’ to 425’ 41 11.2 27/1 
No. 5 Lode. 
6728’ 70’ to 100’ .30 10 33/1 
6657’ 140’ to 170’ 58 11 20/1 
Below No. 3..... | .70 12 17/1 
Karuka Lode. 
6604’ 150’ 52 5.4 10/1 
Below No. 1..... 4.0 10/1 


20 Caron, M. H., and Clevenger, G. H.: Treatment of manganese silver ores. U. S. 
Bureau of Mines Publication. 
21 Private report to New Guinea Goldfields Limited. 
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near the surface in the Nos. 1 and 2 lodes. The general distribution of the 
gold and silver content of the four main lodes is shown in Table 3. The 
figures for each level refer to the average grade of the ore to be mined from 
that level. The reduced level in each case is the elevation above sea level of 
the level itself, and the ore therefore comes entirely from above that elevation. 
Similarly the variation in the depth below surface refers to the depth of the 
level below the outcrop, which naturally varies with the terrain. These figures 
are taken from an estimate of the ore reserves of the mine and, therefore, in- 
clude only the ore which is worth extracting. Considerable lengths of sub- 
commercial grade on the lower levels, particularly in No. 2 lode (Fig. 7), are 
not included in these figures. Even so there is a general decrease in depth in 
gold, silver and in silver/gold ratio, especially the last. The higher grade 
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Fic. 8. Graph showing fineness of plate bullion from New Guinea goldfields mill, 
and percentage of gold produced from the various lodes. 


ore in the No. 1 lode on No. 5 level consists principally of calcitic ore which 
does not participate in the general decrease in value with depth. The No. 5 
lode, the other exception to the decrease in gold downward, is a small ore- 
body only, in which the mineralization is not so strong in the upper portions. 


The average fineness of the bullion from the plates produced 


Au 
(Au + Ag) 
by all the lodes up to September, 1939 was 535, and the range from 488 to 
553. The gold content of the cyanide bullion is of course many times lower. 
An attempt has been made by means of graphs to correlate changes in fineness 
with changes in the type of ore being milled. The fineness of the gold from 
amalgam declared each month has been plotted ** for the appropriate periods, 


22 Data supplied mostly by J. Macdonald, Mine Geologist, New Guinea Goldfields Limited. 
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and also the proportion of the gold, obtained by multiplying the tonnage by 
the average assay value of the ore, from each lode (Fig. 8). The gold fine- 
ness was also plotted against the different types of ore and against the ore 
from different depth zones below the surface, but the results were mainly nega- 
tive, any variations which might possibly be correlated with changes in mill- 
heads being less than sudden unexplained alterations in fineness for which no 
apparent cause can be found. Fig. 8 does suggest that the advent of a large 
proportion of Karuka ore has the effect of lowering the fineness slightly. An 
increase in the fineness is suggested whenever the proportion of calcitic ore 
becomes appreciable, but the amount so far mined is unfortunately too small 
to give a conclusive result. 

Assays of gold obtained from samples from different parts of the mine 
varied from below 500 to over 600. Highly manganiferous oxidized ore 
usually returned a rather high value, about 600, while several samples of 
calcitic ore from the lower level on No. 1 lode all assayed consistently about 
645, much higher than the mine average. It has already been pointed out 
that this calcitic ore represents a different phase of the mineralization. Its 
association with a higher fineness of gold may be connected with its greater 
depth in the mine or it may be that the presence of calcite is favorable to the 
formation of a higher quality gold alloy. It has not been possible to find in 
other localities evidence in support of this latter alternative. In any case 
the Edie calcitic ore is to be compared with the ore of the Golden Ridges lodes, 
which is also calcitic, and carries gold over 600 fine which was probably de- 
posited at a slightly greater depth than the Edie lodes. The gold content of 
the calcitic ore of the No. 1 lode increases down to No. 5 level, the present 
bottom limit of exploration, further indicating that this ore is a primary shoot. 

Enterprise Lode-—The Enterprise mine ** lies at the western end of the 
Edie lode system, just across Slate Creek from Karuka (Fig. 1). Ore values 
are distributed evenly through the main lode in the oxidized portions, averag- 
ing about 7 dwts. of gold and 3.5 ounces of silver per ton. Both the precious 
metal content and the silver gold ratio are similar to those of the Karuka vein. 
The gold content falls away to 2 or 3 dwts. or less whenever the lode material 
changes to sulphide. An exception to this is the No. 3 level B. west lode, 
which is a footwall branch of the main lode below No. 2 level. Assay results 
in this section are erratic, but average about 8 dwts., in the sulphide portion 
only, representing probably the top of a primary ore shoot. A noteworthy 
feature of the Enterprise mine is the occurrence of cinnabar in the sulphide 
ore on No. 3 level. 

The close correspondence which exists between the gold content and the 
oxidized portion of the lode indicates very strongly that secondary enrichment 
has helped to enhance the value by redeposition of gold dissolved from upper 
horizons. Additional evidence is the occurrence of higher silver assays near 
the bottom of the oxidized zone and at the top of the sulphide zone. A limited 
number of gold assays has not revealed any significant differences in fineness 


23 Fisher, N. H.: T. N. G. Geol. Survey Report on the Enterprise Mine, Edie Creek (un- 
published). 
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in the gold of the oxidized zone, which carries manganese in the upper por- 
tion, and of the sulphide ore, all returning figures between 500 and 580. 

Day Dawn.—The lode has been previously described ** in some detail, and 
further exploration since that account was written has shown that the principal 
ore shoot is mainly of primary origin as it has been worked on and below the 
No. 2 level, and its disposition and character show that it is a continuation, 
but of much smaller size, of the main productive orebody. Important sec- 
ondary enrichment is confined to the distribution of silver and to the fine gold 
in the manganiferous portions of the lode, close to the porphyry contact. De- 
velopment has also disclosed rich ore in the porphyry tongue on the hanging 4 
wall near the surface at the southeast end of the lode. This gold and that of 
the quartz veinlets throughout the main lode are similar in character to the 
rich gold-quartz stringers of the Upper Edie area and like them represent the 
primary value of the gold. Several individual assays, including rich ore from 
the main shoot on No. 2 level, but similar to the outcrop ore, returned the 
same value as the general average of the mill bullion, 530. The gold fineness 
decreased during production and this was taken to be a reflection of the gradu- 
ally increasing depth from the surface of the ore mined. The ratio of ore 
from the different horizons in the mine has been plotted together with the 
gold fineness on Fig. 9, but no close relationships are disclosed apart from 
the general diminution. The silver/gold ratio in the Day Dawn mine aver- 
aged about 30/1, but was much higher in the manganiferous portions and much 
lower in the sulphide ore. 

Unusually high grade of gold was shown by a stringer of quartz containing 
fine-grained pyrite on No. 2 level a little off the line of the main lode. Sev- 
eral samples were assayed, all returning gold fineness of about 650 parts per 
thousand. 

Golden Ridges.—Reference has already been made to the Golden Ridges 
bullion which, though derived from cyanidation, ran as high as 643 parts per 
thousand. Silver content of the ore was about 6 ounces per ton so it is un- 
likely that none of it was dissolved by the cyanide, which infers that part of 
the gold may have been of even higher fineness than 643. The Golden Ridges 
orebody was lenticular in cross-section, generally lying flat almost on the sur- 
face, but dipping at a low angle southwest in towards Kaindi Mountain at 
one end. It is contained in breccia and overlain by porphyry intrusive into 
the breccia. The values were high, generally over 1 ounce of gold per ton, 
and the ore was mined by open cut methods. It was completely oxidized ex- 
cept for small portions which included some peculiar hard silicified fragments 
known as hornstone and returning a high gold content, though not showing 
visible gold. The ore was highly permeable to ground waters and distribution 
of the gold suggested that some secondary enrichment, mechanical, chemical 
or both, had taken place. The high quality of part of the gold is almost cer- 
tainly to be explained by the partial removal of silver in solution, the dispo- 
sition of the orebody allowing these solutions to escape entirely from the ore 
channel. 


24 Fisher, N. H.: Ore geology of the Day Dawn Mine. Econ. Grot., vol 34, no. 2, 1939. 
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Upper Ridges—The Upper Ridges ?° orebody is similar to the Golden 
Ridges lode on the surface but dips down at 30 degrees to the northwest as a 
solid quartz-calcite lode, carrying varying amounts of manganese. Near the 
surface as at Golden Ridges the calcite has been entirely removed in solution. 
Some sections of the lode contain a high percentage of rhodocrosite. Man- 
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ganite and pyrolusite are also apparently partly primary. Very little effect 
of secondary gold distribution can be detected within the lode apart from a 
concentration in places of the gold in soft oxidized manganiferous material 
near the footwall. The gold fineness, both at the outcrop and within the cal- 
citic and quartzitic portions of the lode, is a little over 600. The lode is con- 
tained in breccia but plays out near the contact of the breccia with the under- 


25 Fisher, N. H.: T. N. G. Geol. Survey Report on Upper Ridges Lode (unpublished). 
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lying metamorphics. The Anderson’s Creek ** lode and various other ore- 
bodies in the vicinity of Upper Ridges present similar features. Dr. F. L. 
Stillwell ** has made a microscopic examination of specimens of ore from the 
Upper Ridges and Anderson’s Creek lodes and has found gold occurring 
mainly in calcite, but also in pyrolusite, pyrite, and tetrahedrite, and of course 
rhodocrosite and quartz. 


Resumé of Lodes of the Morobe Goldfield 


The results obtained from the study of the lodes of the Wau-Edie Creek 
area are to some extent indefinite, but the following conclusions are at least 
suggested, if not proved: { 

1. The epithermal manganiferous quartz lodes and stringers of the Edie 
Creek area contains gold of fineness 480-600 averaging about 530. 

2. The calcitic lodes of the Golden Ridges area, deposited at slightly greater 
depths, but almost certainly not earlier, and probably the calcitic portions of 
the Edie lodes, contain gold 600-650 fine. 

3. Strong evidence is adduced of secondary deposition of gold and to a 
much greater extent of silver. 

4. Secondary enrichment of low fineness gold ores with redeposition of 
gold and silver in a manganiferous environment appears to produce a similar 
grade of gold to that originally deposited, regardless of the amount of silver 
present. 

5. Residual secondary enrichment, whereby the silver is removed and the 
gold left behind, produces gold of higher fineness. 

6. The fineness of the gold in the various lodes shows no relation whatever 
to the silver/gold ratio, the same quality gold being produced wherever iden- 
tical conditions of temperature and pressure prevail. 


(Part II, concluded in next number) 


26 Fisher, N. H.: T. N. G. Geol. Survey Report on Anderson’s Creek Lode (unpublished). 
27 Stillwell, F. L.: C. S. I. R. Mineragraphic Investigations. Report No. 146. 
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MAGNETIC EXPLORATION OF THE NICKEL-COPPER 
DEPOSITS OF BOHEMIA BASIN, SOUTH- 
EASTERN ALASKA.! 


MATT S. WALTON, JR., AND GEORGE C. KENNEDY, 


ABSTRACT. 


The Bohemia Basin nickel-copper deposits are segregations of pent- 
landite, pyrrhotite and chalcopyrite in the lower portions of a norite mass, 
the bottom of which is basin-shaped. Eight traverses were made with an 
Askania vertical intensity magnetometer across the projected position of 
the deposit beneath a covered area. Magnetic anomalies were observed 
at the inferred position of the deposit along six of the traverses and indi- 
cate that the body is continuous beneath most of the covered area. Mag- 
netic profiles are consistent with the hypothesis, proven at two places by 
outcrops and drill holes, that the deposit dips inward. The profiles and 
outcrops indicate that the deposit averages about 80 feet thick. The pro- 
files also suggest that the deposit, under the covered area, extends down 
the dip for a distance greater than its thickness and that the muskeg cover 
is not deep. These inferences are consistent with available drill data. 
The inferred quantity of sulfide-bearing material in the deposits was in- 
creased by the results of magnetometer exploration from 5,000,000 tons 
to 8,500,000 tons. The magnetic data will facilitate planning of any 
future development of the deposits and would have been useful in the 
more effective placing of some of the holes already drilled. 


INTRODUCTION. 


Tue nickel-copper deposits of Bohemia Basin, Yakobi Island, southeastern 
Alaska, were discovered in 1921, but only within the last 5 years have they been 
investigated in detail. John C. Reed-and J. V. N. Dorr, 2nd,? of the Geo- 
logical Survey examined the deposits in 1940. In 1941 and 1942 additional 
geologic data were revealed by drilling done by the Bureau of Mines. Ken- 
nedy * reported on the results of this work. In June 1943 the writers made 
a magnetic survey of one of the inadequately explored deposits. The mag- 
netic survey was made with an Askania magnetometer that was generously 
loaned to the writers by the Department of Geology of Columbia University. 

The Bohemia Basin nickel-copper deposits are segregations of pentlandite, 
pyrrhotite and chalcopyrite within the norite portions of a composite stock 
that’ ranges in composition from hypersthenite to quartz diorite. The norite 
is in contact with the other rocks of the stock and with the country rocks, 
principally amphibole schist, intruded by the stock. Figure 2 shows the area 
underlain by the norite mass containing the principal nickel-copper deposits. 
The various sulfide-bearing bodies shown on the map are believed to be the 
exposed parts of one, more or less continuous, deposit. 

1 Published by permission of the Director, U. S. Geological Survey. 

2 Reed, J. C., and Dorr, J. V. N., 2nd: Nickel deposits of Bohemia Basin and vicinity, 
Yakobi Island, Alaska. U. S. Geol. Surv. Bull. 931-F, 1942. 


8 Kennedy, G. C., and Walton, M. S., Jr.: Nickel investigations in southeastern Alaska, 
1942-43, U.S. Geol. Survey Bull. (in preparation). 
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The western part of the deposit, comprising the East Tripod, West Tri- 
pod and Tunnel bodies, was explored by the Bureau of Mines with 10 
diamond-drill holes. The drilling indicated that the contact of the norite with 
the enclosing rock dips inward and that the sulfide-bearing portion of the 
norite mass is an eastward-plunging, trough-like zone from 80 to 250 feet 
thick, at or very near the lower contact of the norite. 

The eastern part of the area is largely covered with talus, glacial debris, 
and muskeg. The isolated exposures comprising the North and South Mus- 
keg bodies are at or near the contact with the enclosing amphibole schist. 
Two drill holes indicate that the Muskeg bodies dip inward to the west. 

The sulfide minerals are disseminated through the norite, and have, in 
general, the distribution and textural relations typical throughout the world 
of pentlandite-pyrrhotite-chalcopyrite deposits in norite. The amount and 
relative proportions of pyrrhotite, pentlandite, and chalcopyrite range widely 
on a microscopic or hand specimen scale, but are relatively constant in large 
samples. The deposits are low grade, containing about 0.33 per cent of 
nickel and 0.21 per cent of copper. 

Kennedy * advanced the view, previously held in part by Buddington,° 
that the localization of the sulfide minerals near the lower contact of the norite 
basin is the result of gravitative settling of sulfide droplets, immiscible in the 


remaining liquid fraction of the norite magma at a late stage in its crystal- 
lization. 


MAGNETIC SURVEY. 


A series of magnetometer traverses were laid out to discover, if possible, 
whether the basin-like shape of the lower contact of the norite and the accom- 
panying sulfide-bearing zone persist beneath the covered area in which the 
Muskeg bodies crop out. Eight traverses were made along lines radiating 
outward from the central part of the norite mass across the inferred position 
of the contact of the norite with the enclosing rocks. Pyrrhotite, the most 
magnetically susceptible mineral of the sulfide-bearing zone, comprises about 
35 per cent of all the sulfide minerals and 2.2 per cent of the total minerals 
of the sulfide-bearing portions of the norite. Although no precise tests were 
made, the indications are that there is no significant difference in this area 
between the magnetic susceptibilities of the barren norite and the enclosing 
hornblende schist and gabbro. The Askania vertical intensity magnetometer 
used was adjusted to a sensitivity of 40.7 gammas per scale division. 

The eight traverses are shown graphically on Fig. 3. The height of the 
curves is proportional to the corrected magnetic intensity observed. The first 
traverse shows only minor fluctuations, but traverses 2 through 7 show sys- 
tematic differences in vertical intensity, ranging from 168 to 676 gammas, 
along each traverse. Furthermore, the places of highest intensities along 
these six traverses are aligned along a trend compatible with other geologic 


4 Kennedy, G. C.: The nickel deposits of Yakobi Island, southeastern Alaska. 
Geophysical Union, 1943 (abstract), p. 257. 


5 Buddington, A. F., and Chapin, T.: Geology and mineral deposits of southeastern Alaska. 
U. S. Geol. Surv., Bull. 800, pp. 348-351, 1929. 
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evidence suggesting a basin-like shape of the lower contact of the norite and 


the accompanying sulfide zone. 
Traverses 2 through 7 appear to establish definitely the continuity of the 


sulfide zone beneath the covered area. Apparently the zone is not present or 


Treverse 


FIG. 3 - MAP, WITH SECTIONS SHOWING MAGNETIC ANOMALIES ALONG TRAVERSES 
ACROSS THE MUSKEG DEPOSIT, BOHEMIA BASIN, YAKOBI ISLAND, ALASKA 


Scale 
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Fic. 3. 


sulfide mineralization is extremely sparse beneath traverse 1. This may be 
due to an offset to the north of the Muskeg bodies with respect to the western 
part of the deposit, possibly as the result of faulting, rather than the absence 


of the sulfide zone in this area. 
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Traverse 8 shows a broad zone of magnetic intensities substantially higher 
than the average regional value. Measurements along this traverse show a 
range of 193 gammas, but the highest values recorded are not in alignment 
with the trend established by the other traverses. There is some geologic 
evidence to suggest that in this part of the deposit the sulfide zone is broader 
and the sulfide minerals more sparsely disseminated. 

The profiles along traverses 2 to 7 show a relatively sharp difference in 
vertical intensity at the outer margin of the sulfide zone and a more gradual 
change at the inner margin. The position of the outer contact of the sulfide 
zone, which approximately coincides with the contact between norite and the 
enclosing rocks, is fairly well established in the vicinity of traverses 5 and 7 
by exposures and by two diamond-drill holes. This outer limit of sulfide- 
bearing norite coincides closely with the steep portion of the magnetic pro- 
files. The outer boundary of the sulfide zone has therefore been sketched on 
the map with considerable confidence. 

The inner boundary is not so clearly indicated by the profiles, because 
they show a relatively gradual change in slope. However, between traverses 
4 and 5, one drill hole indicates that the sulfide zone has a width of about 80 
feet. Similarly, from somewhat inconclusive drill-hole data, the zone at 
traverse 7 is calculated to be at least 100 feet wide. The inner boundary has 
been sketched accordingly. The shaded area of Fig. 3 shows the assumed 
position of the sulfide-bearing zone beneath the cover. 

Some inferences can be made regarding the structure of the sulfide- 
bearing zone in the covered area based on-the symmetry of the magnetic 
profiles. Drilling shows that the deposit dips inward, or westerly, about 75° 
along traverse 5, and about 45° along traverse 7. Because the profiles along 
the other traverses are of the same form with relation to the position of the 
inner and outer contacts of the sulfide-bearing zone, the zone probably dips 
inward, or westerly, throughout its length in the covered area. 

The inference that the sulfide zone persists to considerable depth follows 
from the conclusions regarding the direction of dip. The more gradual 
change in vertical intensity on the dip side of the sulfide zone, with less than 
normal or negative anomalies on the opposite side, is characteristic of tabular 
bodies whose downward extent is large in proportion to their width. The 
body in the vicinity of traverse 5 was proved to a depth of 180 feet by drilling. 
A depth of at least this much, and probably much more, for the entire zone 
is suggested by the characteristic form of the profiles. These conclusions 
regarding the depth and attitude of the sulfide zone support, and are supported 
by, the structural and genetic interpretations based on the relationships found 
in the more thoroughly explored western part of the deposit. 

The depth of cover, where known, in the Muskeg area ranges from zero 
at the few natural outcrops to about 20 feet. A similar range in depth of 
cover is indicated by the magnetic data, for the abrupt change in magnetic 
intensity coincides closely with the inferred position of the outer contact of 
the sulfide-bearing zone. If the deposit were buried by a cover of consider- 
able thickness, the magnetic effects of the deposit would be “dampened” and 
the change in the profiles would be distributed over a broader zone. 
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The amount of the anomaly measured along the different traverses ranges 
widely. The profile along traverse 7 has an amplitude of 676 gammas, 
whereas profiles 3 and 4 have amplitudes of only 168 gammas. These varia- 
tions from place to place in the amount of magnetic effect produced by the 
deposit may be related to changes in the width, depth, depth of cover, grade, 
or attitude of the deposit with respect to the earth’s magnetic field. Some, 
at least, of the lack of uniformity of effect produced by the deposit can be 
accounted for on theoretical grounds due to the non-uniform orientation of 
the deposit with respect to the earth’s magnetic field. The normal magnetic 
declination in this area is approximately 30° east of true north. In the 
vicinity of traverse 3 and 4 the body is most nearly oriented normal to the 
earth’s field in both dip and strike. In the vicinity of traverse 7 the body is 
nearly parallel in strike to the magnetic meridian. Furthermore the body is 
believed to be at least 25 per cent wider in the vicinity of traverse 7 than it is 
along the other traverses. Therefore, as the orientation of the body changes 
from that at traverse 7 to that at traverse 3, a steady decline in its magnetic 
effect is to be expected. This expectation is borne out, but no attempt has 
been made to evaluate the magnitude of the expected effect, by means of a 
mathematical analysis, to determine whether it accounts for all of the ob- 
served differences. Other variations in the deposit, such.as size, depth of 
cover and grade, may contribute to the observed effects to an unknown degree. 


ECONOMIC CONSIDERATIONS. 


The results of the magnetic survey are considered to have demonstrated 
the continuity between traverses 2 through 7 of a sulfide-bearing body dipping 
westerly and occupying a position at or near the lower contact of the norite 
mass. Previous estimates of the size and grade of the nickel-copper deposits 
were based on exposure and drill data, and on a consideration of the genesis 
and geologic relationships of the body. On these bases the amount of inferred 
ore in the Muskeg area aggregates 5, 000,000 tons. The use of the magnetic 
data also results in increasing the inferred ore to 8,500,000 tons and in greatly 
strengthening the evidence upon which the earlier estimate was made. 

Had a preliminary magnetic survey been made prior to the exploratory 
work already done, some of the drill holes could have been placed to much 
greater advantage and a larger tonnage of ore could have been more assuredly 
indicated with the same amount of drilling. Preliminary to further work, 
a complete, detailed magnetometer survey, supplementing the present survey, 
would be desirable. 


Wasuincrton, D. C., 
February, 1944. 
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RALPH E. DIGMAN., 


Illinois Surface Clays as Bonding Clays for Molding Sands. R. M. Grocan 
AND J. E. LaMar. Pp. 41; Figs. 3. Rep’t of Investigations, No. 104. - Illinois 
Geological Survey, Urbana, 1945. 


The Large Springs of Missouri. H. C. Beckman anv N. S. Hincuey. Pp. 
141; Figs. 3; Pls. 18. Vol. 29, Sec. Ser., Missouri Geological Survey, Rolla, 
1944. 


Pyrites Deposits of Missouri. Oriver R. Grawe. Pp. 482; Figs. 8; Pls. 17. 
Vol. 30, Sec. Ser., Missouri Geological Survey, Rolla, 1945. 


Geology and Manganese Deposits of the Glade Mountain District, Virginia. 
Rarpu L. Miter. Pp. 150; Figs. 21; Pls. 19. Bull. 61, Virginia Geological 
Survey, University, 1944. 


Brasil Departamento Nacional da Producao Mineral, Divisio de Fomento da 
Producao Mineral, Rio de Janeiro, 1944. 


Avulso n. 52. Tungsténio na Paraiba e Rio Grande do Norte. W. D. 
JouNstToN, JrR., AND F. M. pe VasconceLos. Pp. 37; Figs. 7; Pls. 10. 


Avulso n. 57. Cristal de Rocha em Cristalina Estado de Goiaz. W. D. 
Jounston, Jr. Pp. 27; Figs. 6; Pls. 4. 


Avulso n. 58. Nota Preliminar Sobre a Regiado Estanifera de Sao Jodo 
del Rei, Minas Gerais. D. Guimarigs Anp S. V. Guepes. Pp. 26; Figs. 
4; Pls. 8. 


Avulso n. 59, Jazida de Minério Auro—Cupro—Antimonifero de Bico de 
Pedra, Rodrigo Silva, Municipio de Ouro Preto. DyatMa GUIMARAES. 
Pp. 27} Bigs; is. 


Avulso n. 60. Nota Preliminar Sébre as Jazidas de Minerais Tungsténicos, 
em Sumidouro, Mariana, Minas Gerais. D. Guimaraes ANp I. S. CoELno. 
Pp..42; Figs. 8; Pls. 16. 


Avulso n. 61. Como Requerer Autorizacdéo para Funcionar como Emprésa 
de Mineracao. Pp. 29. 


Avulso n. 62, Notas de Viagem ao Norte do Chile. Coroner J. TAvora. 
Pp. 24; Pls. 2. 


Boletim n. 64. Jazidas de Niquel e Cobalto de Séo José do Tocantins 
Estado de Goids. W. T. Pecora Anp A. L. M. Barsosa. Pp. 69; Figs. 
10. 


Boletim n. 65. Relatério da Diretoria, 1941. Grycon pe Parva. Pp. 163; 
Figs. 10. 


Brasil Departamento Nacional da Producao Mineral, Laboratério da Producao 
Mineral. Rio de Janeiro, 1943. 


Avulso 4. A Recuperacéo da Pirita de Carvao nos Estados Unidos. A. 
pE P. Asrev. Pp. 16; Fig. 1, 
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Avulso 5. Metalurgia do Ouro em Minas Gerais. R. B. TRAJANO AND S. 
C. WaAHLE. Pp. 42; Figs. 8. 


Avulso 6. Areias Para Fundicao. R. B. Trajano. Pp. 19; Figs. 2. 


Boletim 6. Cobre do Jauri e Lagoas Alcalinas do Pantanal (Mato 
Grosso). Jorge pA CunHA. Pp. 53; Fig. 1; Pls. 20. 


Boletim 7. Ensaios de Beneficiamento de Minerios. R. B. TRAJANO AND 
oTHERS. Pp. 136; Fig. 1; Pls. 4. 


Boletim 8. Beneficiamento de Minerios de Ouro. A. pe P. ABREU AND 
oTHERS. Pp. 94; Figs. 5. 


Boletin 11. Investigacoes Quimicas. Fritz oTHERS. Pp. 95. 
Brasil Departamento Nacional da Producao Mineral, Divisao de Aguas. 


Avulso n. 5. Classificacdo de Cursos Dagua. Pp. 24. Rio de Janeiro, 
1941. 


Boletim n. 2. Utilizacdo de Energia Elétrica no Brasil. Pp. 213. Rio de 
Janeiro, 1941. 


Boletim n. 3. Forcas Hidraulicas (Trabalhos de 1931). Pp. 60; Figs. 12. 
Rio de Janeiro, 1943. 


Auuario Fluviométrico n. 5. Suprimentos Dagua nas Bacias dos Rios: 
Itapicuri, Inhambupe, Jequirica, Contas, Almada, Cachoeira, Pardo, 
Jequitinhonha, e Mucuri. Pp. 508; Fig. 1; Pls. 20. Salvador, Bahia, 
1943. 
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SOCIETY OF ECONOMIC GEOLOGISTS 


FIRST POST-WAR JOINT SESSIONS 
WITH THE 


GEOLOGICAL SOCIETY OF AMERICA, MINERALOGICAL SOCIETY 
OF AMERICA, PALEONTOLOGICAL SOCIETY OF 
AMERICA, AND THEIR AFFILIATES 


Pittsburgh, Pa., December 27-29, 1945 


REGISTRATION: For members and guests of all associated societies: Hotel William 
Penn, Seventeenth Floor, Silver Room. No charge. 


ProGRAM: The detailed program will be published and distributed or if not, will 
be available at the meetings. 


Technical Sessions: December 27, forenoon and afternoon 
December 28, forenoon and afternoon 
December 29, forenoon and possibly afternoon 


Symposia on subjects of broad geologic interest are being arranged conjointly 
with the associated societies. 


The afternoons will be devoted to separate papers and to specialized symposia. 


SpeciaL ApprEssEs: President O. E. Meinzer will speak on “Ground Water and 


Economic Geology.” The addresses of the presidents of the associated so- 
cieties will be announced later. 


Smoker: The complimentary smoker of the Geological Society of America will 
be held on the night of December 27. All those attending the meetings and 
their guests, including ladies, are invited. 


LuNncHEON (Society or Economic Geotoststs) : To be held at noon on Friday, 
December 28. Price per plate approximately $2.00. Guests, including la- 
dies, are welcome. Members are urged to make reservations with the Secre- 
tary if they have not already done so on the cards distributed by the Society. 


DinNER: The joint dinner of the associated societies will be held on the night 
of December 28. Price $3.50 per plate. Ladies are invited. Dress op- 
tional. Members are urged to make reservations through the Secretary if 
they have not already done so. 


Hore. Reservation: Available hotels include Hotel William Penn (official head- 
quarters), Roosevelt Hotel, Pittsburgher Hotel, Keystone Hotel, Hotel Fort 
Pitt, Hotel Henry, Schenley Hotel, Hotel Webster Hall. Reservations should 
be made directly with the hotel by the individual concerned. 


Papers AND Axstracts: Members or members’ guests have been given the oppor- 
tunity for presentation of papers. Closing date November 1. Such papers will 
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be accorded space with due consideration for (1) nature and importance of 
subject matter, (2) time needed for discussion of papers listed; maximum time 
allotted for presenting such papers—15 minutes. As previously explained, sev- 
eral symposia with invited papers are also being arranged. Inquiries regarding 
the program should be addressed to J. W. Peoples, Chairman, S. E. G. Pro- 
gram Committee, care of U. S. Geological Survey, Washington 25, D. C. 


Councit Mertinc (Society or Economic Geotocists): Tentatively set for 
Thursday, December 27, afternoon, and Saturday, December 29, afternoon and 
evening. 

Business Meetinc (Society or Economic Grorocists): During the luncheon, 
Friday, December 28; hour and place to be announced at the meetings. 


Cuas H. Benre, Jr., 
Secretary. 
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ling SCIENTIFIC NOTES AND NEWS 


for 
and Dr. F. M. Van Tuyt, professor of geological engineering and head of the de- 
partment at the Colorado School of Mines, is spending October and November in 
South America in professional work, having been retained by a group of indus- 
eon, trialists to act in an advisory capacity in planning a long-term exploratory program 
for the development of mineral resources. 


The office of Paut Armstronc, consulting geologist, is now located at 902 
Royal Bank Building, Toronto, Canada. 


As of August 1 Mr. D. H. McLaucu in resigned as General Manager of the 
Cerro de Pasco Copper Corporation in Peru, since Homestake Mining Company, 
of which he.is president, is again in operation. Mr. McLaughlin will continue as 
vice president of the Cerro de Pasco Copper Corporation. 


Mr. Vernon L. McCurcuan has been appointed as Manager of Operations of 
the Cerrode Pasco Copper Corporation in Peru and will be in full charge of all de- 
partments and activities on the Hill. Mr. George F. Train has been appointed as 
manager of the Lima office. Mr. W. F. Walker, Chief Geologist, will, in addition, 
act in the capacity of assistant to Mr. McCutchan. Mr. A. R. Merz has been ap- 
pointed as metallurgical engineer, reporting to Mr. McCutchan. 


The Midwest Research Institute, Kansas City, announces the addition of the 
following eight new members to its technical staff, which brings the total personnel 
of the Institute to seventy-one: Dr. Robert R. Hancox, Dr. Robert W. Shortridge, 
Lorenzo D. Moore, John Affleck, Jerome Brewer, Carl R. Johnson, George W. 
Swehla, and Miss Louise T. Alderman. 


The Geology Department of New Mexico School of Mines and the State Bureau 
of Mines and Mineral Resources sponsored a fall field trip October 20-21 in central 
New Mexico which more than 120 geologists attended. The first day’s trip was 
through the Los Pinos Mountains and Chupadera Mesa, where stratigraphy and 
structure of Permian and Pennsylvanian strata were studied. On the second day 
the group drove to the top of a 9200-foot peak in the Manzano Mountains to study 
the pre-Cambrian-Pennsylvanian contact and to discuss the regional structure of 
the Rio Grande and Estancia valleys. The excursion concluded with a visit to a 
well-exposed thrust fault in Abo Canyon south of the Manzanos. Those in charge 
of the trip were Professors Georges Vorbe and Ralph H. Wilpolt of the Geology 
Department, and Robert L. Bates of the Oil and Gas Division, State Bureau of 
Mines and Mineral Resources, assisted by students of the School of Mines. 
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